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e6-1. Determine the force in each member of the truss, 
and state if the members are in tension or compression. 


Method of Joints: We will begin by analyzing the equilibrium of joint D, and then proceed to 
analyze joints C and D. 


Joint D: From geometry, 0 = m"'{3) = 26.57°. Thus, from the free - body diagram in Fig. a, 


AEF, =0 600 — Frc sin26.57° = 0 
Foc =1341.64N =134kN(C) 
+T EF, =0; 1341.64.00s 26.57° — Fog = 0 


Fpg = 1200N =1.20KN(T) 


Ans. 


Joint C; From the free - body diagram in Fig. b, 
+f tF;' = 0; ~Fog 00826.57° = 0 
Fo =0 
4\ xh = 0; Fog - 1341.64 = 0 


Fog = 1341.64 N =1.34kN (C) 


Joint E: From the free - body diagram in Fig. c, 
=F, =O, 900 — Fr sin45°= 0 

Feg =1272.79N =1.27kN (C) Ans, 
+ TX =0; 1200+ 1272.79c0s 45° — Fe, = 0 


Fea = 2100N =2.10kN(T) Ans. 


Note The equilibrium analysis of joint A can be used to determine the components of support reaction 
ata. 
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6-2. The truss, used to support a balcony, is subjected to 
the loading shown. Approximate each joint as a pin and 
determine the force in each member. State whether the 
members are in tension or compression. Set P,; = 600 Ib, 
Py = 400 lb. 


Fypsin4s® — 600= 0 
Fp = 848.528 = 849 Ib (C) 
Fy — 848.52800845° = 0 


Rg = 600 Ib (T) 


Fyp - 400= 0 
Fp = 400 ib (C) 
yc - 600 = 0 


Fac = 600 Ib (T) 


Foc sin45° — 400 — 848.528sin45° = 0 
Foc = 1414.214 Ib = 1.41 kip (T) Ans 


848.52800845° + 1414.214c0s45° — Fyp = 0 


Fog = 1600 Ib = 1.60 kip (C) Ans 


400 Ib 
848.528 Ib 
~*~ 


© 
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6-3. The truss, used to support a balcony, is subjected to 
the loading shown. Approximate each joint as a pin and 
determine the force in each member. State whether the 
members are in tension or compression. Set P, = 800 Ib, 
P, = 0. 


F,psin4S® - 800= 0 
Kip = 1131.4 Ib = 1.13 kip (C) 
Fxg — 1131.4c0845° = 


Ky, = 800.1b(T) 


Foc sin4S® — 0 - 1131.4sin45°= 0 


Foc = 1131.4 Ib = 1.13 kip (T) Ans 


1131.4c0845° + 1131.4c0845° — Foy = 


Fog = 1600 1b = 1.60kip (C) — Ans 
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*6-4. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Assume each joint as a pin. Set P=4 KN. 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint A 


1 
+TIF=0; F, [z)-*° 


Fug = 8.944 KN (C) = 8.94 KN (C) 


a 2 
S fF =0; fa -tou{ 4) 0 
is 


Fyn = 8.00 KN (T) 
Joint B 
EF =0; Fye-8.00=0 — Fyc = 8.00 KN (T) 
+TIR=0; Fye-8=0 = Fg = 8.00 KN (C) 
Joint E 


4 EF. =0;  Feccos 36.87° - 8.00cos 26.57° = 0 
Foc = 8.944 KN (T) =8.94KN(T) Ans 


RELA. =0;  8.944+8.00sin 26.57° + 8.944sin 36.87° — Fen = 0 
Fep = 17.89 KN (C) =17.9KN(C) Ans 


Joint D 


+TXIE =0; fe 17097 )-0 Foc =8.00kN (T) Ans 


3 


* 2 
—~ LF, =0; o,-9{F)0 D, = 16.0kN 


Note : The support reactions C, and CG, can be determined by analysing 
Joint C using the results obtained above. 
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°6-5. Assume that each member of the truss is made of steel 
having a mass per length of 4 kg/m. Set P = 0, determine the 
force in each member, and indicate if the members are in 
tension or compression. Neglect the weight of the gusset plates 
and assume each joint is a pin. Solve the problem by assuming 
the weight of each member can be represented as a vertical 
force, half of which is applied at the end of each member. 


Joint Forces : 


F,= soan [i 2) = 166.22 N 


Fy = 4(9.81)(2+2+1) = 196.2N 


I, = an] (2) =W2.47N 


i= aoan(re2] = 166.22N 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint A 


1 
+TIF =0; tele} 166.22 = 0 
Vs 


Fg = 371.69 N(C) = 372 N (C) 


Fis -mo 5-0 


Fug = 332.45 N (T) = 332. N (T) 


Joint B 


32F=0; Fye-33245=0 - =332N(T 


+TIF=0; _,-196.2=0 
Fog = 196.2 N (C) = 196 N (C) 


Joint E 


Je EF, =0; — Feccos 36.87° ~(196.2+ 302.47) cos 26.57° = 0 
Foc = 557.53N(T)=558N(T) Ans 


NE =0;  371.69+(196.2+ 302.47) sin 26.57° 
+557.53sin 36.87° — Foy =0 
Fey = 929.22 N(C)=929N(C) Ans 


Joint D: 


1 
+T SF, =0; 166.22 — 929.22—me + Foc =0 
y E DC 


Foc = 582N(T) 
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6-6. Determine the force in each member of the truss and 
state if the members are in tension or compression. Set 
P, = 2kN and P; = 1.5 KN. 


Method of Joints : In this case, the support reactions are not required for 
desermining the member forces. 


Joint C 


+TZE=0; Fegsin30°-1.5=0 
Fea = 3.00 KN(T) 


EF =0; Fey —3.00c0s 30°=0 
Fo = 2.598 KN (C) = 2.60kN (C) 


Joint D 


SEE =0;  Fg-2598=0 Fog = 2.60 KN (C) 


+TEE=0; Fyp-2=0 Fg =2.00KN (T) 


Joint B 


F,,cos 30° —2.00cos 30° = 0 
Fag = 2.00 kN (C) 


(2.00+ 2.00) sin 30° + 3.00-F, =0 
Fy, = 5.00 KN (T) Ans 


Note : The support reactions at support A and E can be determined by 
analyzing Joints A and E respectively using the results obtained above. 
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6-7. Determine the force in each member of the truss and 
state if the members are in tension or compression. Set 
Py = P, =4 KN. 


Method: of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C 


+TZE=0; Feysin30°-4=0 
Fog = 8.00 kKN(T) 


EE =0; Fey —8.00c0s 30° =0 
Fep = 6.928 KN (C) = 6.93 KN (C) 


Joint D 
EF =0; Fyp-6.928=0 Fog = 6.93 KN (C) 
p26 928 EN 


+TXE =0; Fog -4=0 Fog = 4.00 KN (T) 


Joint B 


A =F. =0; Fecos 30°-4.00cos 30° = 0 
Fg = 4.00 KN (C) 


NGEE =0;  (4.00+4.00) sin 30°+8.00- F, =0 
Fa, = 12.0 KN (T) Ans 


Note : The support reactions at support A and E can be determined by 
analyzing Joints A and E respectively using the results obtained above. 
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*6-8. Determine the force in each member of the truss, 
and state if the members are in tension or compression. Set 
P = 800 lb. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
AmFSaE=9B=>9C. 
Joint A: From the free - body diagram in Fig. a, 
+ TSK, =0; Far sin45° ~800= 0 
Far = 1131.37 Ib=1131 1b (T) 
1131.3700s 45° — Faz =0 
Fag = 8001b(C) 
Joint F: From the free - body diagram in Fig. 5, 
+ TF, =0; Fg cos 45° — 1131.37 00s 45° - 500 = 0 
Frg = 1838.48 lb = 1838 1b (C) Ans. 
4=R, =G@ Frg — 1838.48sin 45° — 1131.37sin 45° = 0 
Frg = 21001b(T) Ans. 
Joint E: From the free - body diagram in Fig. c, 
4,5K, =@ Fgp —2100=0 
Frp = 2100 1b (T) 
+ TX, =0; Fgg =0 
Joint B: From the free - body diagram in Fig. d, 
+ TE, =0; Fpp sin 45° — 1838.48sin 45° = 0 
FRp = 1838.48 Ib = 1838 Ib (T) Ans. 


800 + 1838.48 cos 45° + 1838.48 cos 45° - Far = 0 
Fac = 34001b(C) Ans. 
Joint C: From the free - body diagram in Fig. e, 
+ TF, =0; Fop =0 


52F, =0; 3400 Nc =0 
Nc = 3400 Ib 
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°6-9. Remove the 500-lb force and then determine the 
greatest force P that can be applied to the truss so that none 
of the members are subjected to a force exceeding either 
800 Ib in tension or 600 Ib in compression. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A>~F > E>B->C. 
Joint A: From the free - body diagram in Fig. a, 
+ TF, =0; Far sin45°- P =0 
Far =1.4142P (T) 
1.4142P cos 45° — Faz = 0 
Fap = P(C) 
Joint F: From the free - body diagram in Fig. b, 
+ TF, =0; Frp cos45° — 1.4142P cos 45° = 0 
Frp = 1.4142P (C) 
Fre — 1.4142P sin45° — 1.4142P sin45° = 0 
Fre = 2P (1) 
Joint E: From the free - body diagram in Fig. c, 
52%, =@ Frp -2P =0 
Fp = 2P (T) 
+ TE, =0; Fez =0 
Joint B: From the free - body diagram in Fig. d, 
Fgp sin45° — 1.4142 Psin45° = 0 
Fpp = 1.4142P (T) 
P + 1.4142P cos 45° + 1.4142P cos 45° — Far =0 
Feo = 3P(C) 
Joint C: From the free - body diagram in Fig. e, 
+ 2F, =0, 3P-Nc =0 
Nc =3P 
+T xf, = 0; Fo=p = 90 


From the above results, the greatest compressive and tensile forces developed in the member are 3P 
and 2P, respectively. 

2P = 800 Ib P = 4001b 

3P = 600 Ib P =2001b (controls) Ans. 


¢ 
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6-10. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 
P, = 800 lb, P2 = 0. 


Joint B : 

YE, =0; Fag = 0 

oflF, = 0, Fax = Fac 

Joint G : 

+TER =0; Fegsin@=0 
Fog 20 

IF =0; Fig=0 


Joint C: 


SER =O te - sco =0 


+TER = 0; 3 (Fac) +2 (Feo) ~ 800 = 0 


Fac = Foo = 667 Ib (C) 


Due to symmeny : 

For 3 Fxg 2 0 Ans 
Fer = Fog 20) Ans 

fy =hgo20 Ans 

Fun = Fog = 6671b(C) ss Ams 


Fac = Fep = 667 bb (C) Ams 
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6-11. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 
P, = 600 lb, P) = 400 lb. 


Joint B : 
+\55, = 0; Fac 320 Agr 


+fEF, = 0; Fac = Fag 


Joint G : 
+TER = 0; Foc sind = 0 


Foc 20 Anus 


EF, =0; Fo, =0 Ans 


Joint D : 


ALE, = 0; foe - foc = 0 


Fox ® Foe 

+AEF, 30; For - 40020 
For = 400 tb (C) Ans 

Joint F : 

+\QZF, = 0; Fpg sin $3.13° - Foe sin $3.13° 2 0 
Fry = Fre 

+AEF, = 0; 2F cos $3.13° - 40020 


Fee = Frg = 333.33 = 333 b (T) Ans 


Joint C: 

IF, = 0; Fac cos 36.87° — Foc cos 36.87° + 333.33 cos 73.74° = 0 

+TIF, = 0; Fac sin 36.87° + Foc sin 36.87° — 600 — 333.33 sin 73.74° 2 0 
Fac = Fea = 7081b(C) = Ans 


Foc = Fog = 825 Ib (C) Ans 
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*6-12. Determine the force in each member of the truss 


and state if the members are in tension or compression. Set 
P, = 240 lb, Py = 100 lb. 


Joint D : 
5 
+TIF =0; Fro (5) - 100 = 0 
Fan = 2601b(C) Ans 
. 12 
Er, = 0 240 - Fen + 260(“=) = 0 


Fep = 4801b(T) = Ans 


Fac =0 Ans 


Fus 20 Ans 


5 
fi - 260 (=) 0 
” G - 


Fac = 100 b (T) Ans 
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°6-13. Determine the largest load P, that can be applied 
to the truss so that the force in any member does not exceed 
500 lb (T) or 350 Ib (C). Take P; = 0. 


Joint A : 
+TIF =0; Acsng =0 
Frc = 0 


SEF, = 0; Fig 20 


Maximum tension member is DC : 
- Py + Fog sin 22.62° =0 500 = 2.40 P; 


Fog = 2.60 PR, (C) P, = 208 lb 


2.60 P, cos 22.62° ~ Foe = 0 Maximum compression member is DB : 


Foc = 2.40% (1) 350 = 260A 
P, = 135lb 


Thus member DB reaches the critical value first. 


Fac — 2.60 A sin 22.62° = 0 
P, = 135b Ans 


fac = Ph (T) 
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6-14. Determine the force in each member of the truss, 1200 Ib P 1200 Ib 


—4 ft —-|—4 ft t 4 ft 
D (o} 


and state if the members are in tension or compression. Set 
P = 2500 Ib. Sy ft 


Support Reactions: Applying the moment equation of equilibrium about point A to the 
free- body diagram of the truss, Fig. a, 
(tM =0; Ng (8 +8)—1200(8 +8)— 25008) = 0 
Np = 2450 Ib 


Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of 
joints C and G. 
Joint B: From the free - body diagram in Fig. b, 
42F, =@ Fag =0 
+ T 35, =0; 2450 — Fac =0 
Fac = 2450 1b(C) 
Joint C: From the free - body diagram in Fig. c, 
+ T XK, =0; 2450 — 1200- Fog sin4s° =0 
Fog = 1767.77 |b = 1768 Ib (T) 
4 3F, =6, Fop -1767.77c0s45° = 0 
Fop = 12501b(C) 
Joint G: From the free - body diagram in Fig. d, 
+ TK, =0; 1767.77c0s45° — Fgpcos45° =0 
FGp = 1767.77 lb = 1768 Ib (C) 
1767.77sin45° + 1767.77sin45° — For =0 
For = 2500 Ib (T) 


Due to the symmetry of the system and the loading, 
Fag = Fac = 24501b(C) 

Far = Fpg =0 

Fgp = Fop = 12501b(C) 

Fre = Fog = 1767.77 |b = 1768 Ib (T) 

Frp = Fgp = 1767.77 lb = 1768 Ib (C) 


Fac =2450 Ib 
Co) 


Feg=!767-17 Ib 
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6-15. Remove the 1200-lb forces and determine the 1200 Ib P 1200 Ib 
greatest force P that can be applied to the truss so that none 

4ft—-4 t—--4 ttl 4 tt 

E 


of the members are subjected to a force exceeding either 
2000 Ib in tension or 1500 Ib in compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the 
free- body diagram of the truss, Fig. a, 
(42M 4 = 0; Ng(8+8)—- P(8)=0 
Np =0.5P 


Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of 
joints C and G. 
Joint B: From the free - body diagram in Fig. b, 
SF, =0, Fag = 0 
+ TF, =0; 0.5P — Fac =0 
Feo = 0.5P(C) 
Joint C: From the free - body diagram in Fig. c, 
+ T XR, =0; 0.5P — Fogsin4s° =0 
Fog = 0.7071P (T) 
SIF, =@ Fop — 9.7071Pcos45° = 0 
Fop = 0.5P (C) 
Joint G: From the free - body diagram in Fig. d, 
+ TF, =0; 0.7071 Pcos45° — Fgpcos45° =0 
Fgp = 0.7071 P(C) 
0.7071 Psin45° + 0.7071 Psin45° — For = 0 
For = P (T) 


Due to the symmetry of the system and the loading, 
Far = Fac = 0.5P (C) 

Far = Fgg =0 

Frp = Fop = 0.5P(C) 

Fre = Fog = 0.7071 P(T) 

Frp = Fp = 0.7071P (C) 


From the above results, the greatest tensile and compressive forces developed in the member of 
the truss are P and 0.7071P, respectively. Thus, 

0.7071P = 1500 P = 2121.331b 

P= 2000 Ib (controls) 


leq "Fac O-SP 
©€) 


Feg20-701P 
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*6-16. Determine the force in each member of the truss, 


and state if the members are in tension or compression. Set 
P=S5KN. 


Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joints B and D. 


Joint A: From the free - body diagram in Fig. a, 
Ry =0; Fap sin73.74° — 5sin53.13° = 0 
Fp = 4.167KN = 4.17kN (T) 
3A," =0; 4.167008 73.74° + 500s 53.13°~ Fag =0 
Fag = 4.167KN =4.17 KN (C) 
Joint & From the free - body diagram in Fig. b, 


4 
4F, =@ 41674} ~Foc (4) 


Fac = 4.167KN = 4.17kN(C) 


+T 2h, =0; Fep ~41642)- 416{2)=0 


Fgp = SKN(T) 
Joint D: From the free - body diagram in Fig. c, 
+\2K' =0; Foc sin73.74° - 5sin53.13° = 0 
Foc = 4.167KN = 4.17 KN (C) Ans. 
tr IF, =0; Frog —4.167 -5cos 53.13°— 4,167 cos 73.74° = 0 
Fpg = 8.333 kN = 833 kN (T) Ans. 


Note. The equilibrium analysis of joints E and C can be used to determine the components of 
the support reaction at supports E and C, respectively. 
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°6-17. Determine the greatest force P that can be applied 
to the truss so that none of the members are subjected to a 
force exceeding either 2.5kN in tension or 2kN in 
compression. 


Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joints B and D. 


Joint A: From the free - body diagram in Fig. a, 
VAR, = 0; Fap sin73.74° — Psin 53.13°= 0 
+ Fap = 0.8333P (T) 
WEF, = 0; 0.8333P 00s 73.74° + P cos 53.13°— Fag = 0 
Fag = 0.8333P (C) 
Joint B: From the free - body diagram in Fig. b, 


4 4 
+ =F, =0, ossaae{ 4) — Fac (5) =0 


Fac = 0.8333P (C) 


3 3 
+ T EF, =0; Fep -o83s0e{ 3)- ose 3) =0 


Fgp = P(T) 
Joint D: From the free - body diagram in Fig. c, 
28’ =0; Foc sin73.74° - Psin 53.13° = 0 
Foc = 0.8333P(C) 
YASF,: = 0; Fog —0.8333P — Pcos 53.13° — 0.8333P cos 73.74° = 0 
Fpg = 1.6667P (T) 


From the above results, the greatest compressive and tensile forces developed in the member 
are 0.8333P and 1.6667P, respectively. Thus, 

0.8333P =2 P =2,40kN 

1.6667P =2.5 P =1.50 KN (controls) 


tan'G& 
=$3./3° 
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6-18. Determine the force in each member of the truss, 
and state if the members are in tension or compression. 


Support Reactions: Applying the moment equation of equilibrium about point C to the 
free- body diagram of the truss, Fig. a, 
(t™Mc =0; 600(4)+900(4+4+4 4)-N, =0 
Na = 1650 1b 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
Fo E>A>B-D. 
Joint F: From the free - body diagram in Fig. , 


3 

+TIR, =0; Fra(3}-900=0 

Fra =15001b(C) 
+,2R, =G | 4)=0 

Fre =12001b (T) 
Joint E: From the free - body diagram in Fig. c, 
42F, = Frp —1200=0 

Fep = 12001b (T) 
+ TEA, =0; Fra =0 
Joint A: From the free - body diagram in Fig. d, 


T =0; — 3 - 3)- 
stay <0, 10-134(2)-ra(2)-0 


Fap = 12501b(C) 


ys) ne 


Fag = 2001b(C) 
Joint & From the free - body diagram in Fig. e, 
4 =F, =0 200 -Far =0 

Fac = 2001b(C) 
+ T XK, =0; Fgp =0 
Joint D: From the free - body diagram in Fig. f, 


neem) 


Foc = 250 1b (T) 


+T HF, =0; 2}-600=0 (check) 


Note. The equilibrium analysis of joint C must be used to determine the components 
of the support reaction at C. 


900!b coolb 
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6-19. The truss is fabricated using members having a 
weight of 10 lb/ft. Remove the external forces from the 
truss, and determine the force in each member due to the 
weight of the members. State whether the members are in 
tension or compression. Assume that the total force acting 
on a joint is the sum of half of the weight of every member 
connected to the joint. 


Joint Loadings: 
Fo = Fr = (425) =4s Ib 


Fr = Fp = if +#8*8) 55 Ib 


Fy =Fp = if 52524*3) - 85 Ib 


Support Reactions: Applying the moment equation of equilibrium about point C to the 
free- body diagram of the truss, Fig. a, 
(Mc = 0; 45(44+4+ 4)+55(4+4)+85(4 + 4) + 844) + 54)- N4(4+4)=0 
Na = 2775 Ib 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
F> E> A-~B- D. 
Joint F: From the free - body diagram in Fig. b, 


3 

+ T 3A, =0; Fra(2}-45=0 

Fr4 = 75\b(C) 
+42F, =@ Fre 1) =0 

Fre =60 1b (T) 
Joint E: From the free - body diagram in Fig. c, 
4,2F, =O Fp —60=0 

Fep = 60 lb (T) 
+ TF, =0; Fra — 55=0 


Fra = 55 1b(C) 
Joint A: From the free - body diagram in Fig. d, 


+ T 3K, =0; zmis-55-85 79 2|- Fao(2}=0 


Fap = 154.17 lb = 154 1b(C) Ans. 


4 4 
Fap +79 — |— 154.17) — |=0 
= {3) 13) 


Fag = 63.331b = 63.3 Ib (T) 


Joint B: From the free - body diagram in Fig. e, 
12, =0 Fac —63.33=0 

Fc = 63.33 lb = 63.3 Ib (T) 
+ TF, =0; Fpp —55=0 

Fgp = 551b(T) 
Joint D: From the free - body diagram in Fig. f, 


+ =F, =@, isar{ 2 )- 60- Foc{ $}=0 
Frc = 79.17 Ib = 79.2 Ib (C) 
3 3 
+ TF, =0; 154.11 2] +79:1 2) -85-55=0 
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Na =277-5 Ib 


(a) 
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*6-20. Determine the force in each member of the truss 
and state if the members are in tension or compression. The 
load has a mass of 40 kg. 


Jom D ; 


ER, = 0; foc Jq) - a4 tee Fg) = 0 


7 


+t ER, = 0, to (—) ~ Fm (zo) - 24 «0 


Solving, 
Fog = 0 Aca 


Foc = SSSN(C) = Ans 


Fer = 0 = Ans 
- 555 + Fog = O 


Fey = SSSN(C) 


ALE, = 0; 


+4IF, = 0; 


Joint B : 
NEF, =0 Feo=0 Ans 
+/EF, = 0; Fax = 55SN(C) 


Joma: 


~n(g 


423 


6 Solutions 44918 1/26/09 1:46 PM Page 424 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e6-21. Determine the largest mass m of the suspended 
block so that the force in any member does not exceed 
30 KN (T) or 25 KN (C). 


Inspection of joints £, C, F, and.B indicates that EC, CF, FB, and BG 
are all zero - force members. __ 


Jom D: 


EF, = 0; Foc sin 45° + Fog cos 30.25° - W = 0 
TIE = 0; Foc cos 45° + Fog sin 30.25° -W = 0 
Foc = 1.414 W(C) 

For = 0 


Joint A: 

+TIF, #0; yo - 1.414 Wsin 4s? = 0 
Kuo = WT) 

For compression of members DC, BC, snd AB, 
25KN = 1.414 
W = 17.678 kN 

For tension of member AG, 
W = 30kN 


‘Thus the critical value is compression. 


= 27.678 (10°) N 
9.81 


= 1.80Mg Ans 
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6-22. Determine the force in each member of the truss, 
and state if the members are in tension or compression. 


Support Reaction: Applying the moment equation of equilibrium about point A on the free- body 
diagram of the truss, Fig. a, 
+IM, = 0; Nc(4)—400(1) — 600(3) = 0 
Nc =550N 
Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
C—D-E>-B 
Joint C: From the free - body diagram in Fig. b, 
+ TR =0; 550 — Fp sin4s° = 0 
Fop = 777.82N =778N(C) 
42h, =0 TT71.82.00s 45° ~ Fon =0 
Fog = SSON(T) 
Joint D: From the free - body diagram in Fig. c, 
+TXF, =0; Frg sin 45° + 777.82sin 45° — 600 = 0 
Fpp = 70.71N =70.7N(C) 
42K, =0, Frpg + 70.71 cos 45° — 777.82.c0s45° = 0 
Fog = 500 N(C) 
Joint E: From the free - body diagram in Fig. d, 
ZF, = 0; Fe, — 400sin45° — 500sin 45° = 0 
Fg, = 636.40N =636N (C) 
EF,’ = 0; S00cos 45°-400cos 45° - Fg = 0 
Feg = 70.71N =70.7N(T) Ans. 
Joint B: From the free - body diagram in Fig. e, 
42F, = 550 —70.71 c0s-45° — 70.7100s 45° ~ Fp, =0 
Fra = 450N(T) 
+ T dK, =0; 70.71 sin4S° —70.71 sin45° =0 (check) 
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6-23. The truss is fabricated using uniform members 
having a mass of 5 kg/m. Remove the external forces from 
the truss, and determine the force in each member due to 
the weight of the truss. State whether the members are in 


| OF (ED og 
tension or compression. Assume that the total force acting 
on a joint is the sum of half of the weight of every member 
connected to the joint. Y \45° 457 X Y 45° 457 NX 
ee 


Li 
Joint Loading: 
- 2m 


ae soni 22) = 83.73N 


2 


Fz = 5 vanf Bete =167.47N 


Fr = Fp = soa) 2+tte8) =1182N 


Support Reactions: Applying the moment equation of equilibrium about point A to the 
free - body diagram of the truss, Fig. a, 
Atal = 0; Nc (4)—83.7X 4)— 118.42(3) — 167.4% 2) — 118.42(1) = 0 
Nc = 285.88N 


Method of Joints: We will begin by analyzing the equilibrium of joint C, and then that of 

joint D. 

Joint C: From the free - body diagram in Fig. b, 
285.88 — 83.73— Fop sin45°= 0 
Fop = 285.88 N = 286 N (C) 
285.88cos 45°— Fo; =0 
Fog =202.15N = 202 N(T) 

Joint D: From the free - body diagram in Fig. c, 

+ T xR, =0; 285.88 sin 45° — 118.42 — F pz sin45° = 0 
Fpg = 118.42N =118N(T) 

4=F, =G Frpg — 285.8800 45° ~ 118.42.c0s 45° = 0 
Fpg = 285.88 N = 286 N(C) 


Due to the symmetry of the system and the loading, 
Fer = Fpg = 118.42N =118N(T) 
Fea = Fog = 202.15 N =202 N(T) 
Fra = Fop = 285.88N = 286N (C) 


N= 285 68N 
(b) 


i 


118-42N 
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*6-24. Determine the force in each member of the truss, 
and state if the members are in tension or compression. Set 
P=A4KN. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A=~Da>FRoESC. 
Joint A: From the free - body diagram in Fig. a, 
+ TER, =0; Far sin45°-4 =0 
Far = 5.657KN =5.66KN (T) 
=F, =G 5.657 cos 45° — Fag =0 
Fap = 4kN(C) 
Joint D: From the free - body diagram in Fig. b, 
+ T 3A, =0; Fp,g sin 45°-4 =0 
Fog = 5.657 KN =5.66KN (T) 
=F, = Foc — 5.657 c0s45° = 0 
Foc =4 kN (C) 
Joint F: From the free - body diagram in Fig. c, 
+ TF =0; Frg — 5.657 00s45° = 0 
Frp =4kN(C) 
427, =@ Frg — 5.657sin45° = 0 
Frg = 4kN(T) 
Joint E: From the free - body diagram in Fig. d, 
427, =@ 5.657 sin45° — 4 — Fp sin45° = 0 
Ferg =0 
+ TX, =0; Fg —5.65700s 45° = 0 
Fac = 4 kN (C) 
Joint C: From the free - body diagram in Fig. e, 
1, =0; Fo, - 4=0 
Fo, = 4kN(C) 
+ TF, =0; Nc -4=0 
Nc =4kN 
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e6-25. Determine the greatest force P that can be applied 
to the truss so that none of the members are subjected to a 
force exceeding either 1.5 kN in tension or 1kKN in 
compression. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 

A»~D->FO EOC. 

Joint A: From the free - body diagram in Fig. a, 

+ TF, =0; Far sin45°—P =0 
Far =1.4142P (T) 

AIF, =O 1.4142P cos 45° — Fap = 0 
Fag = P(C) 

Joint D: From the free - body diagram in Fig. b, 

+T EF, =0; Fpg sin 45°— P = 0 
Fpg = 1.4142P (T) 
Foc — 1.4142 Poos 45° = 0 
Foc = P(©) 

Joint F: From the free - body diagram in Fig. c, 

+ =F, = Fre — 1.4142P sin45° = 0 
Fre = P(T) 

+ T XA, =0; Frp — 1.4142P cos 45° = 0 
Frp = P(C) 

Joint E: From the free - body diagram in Fig. d, 

SF, =Q 1.4142Psin 45° — P — Frp sin45° = 0 
Fr =0 

+ TF, =0; Far — 1.4142P cos 45° = 0 
Fao = P(C) 

Joint C: From the free - body diagram in Fig. e, 
Fog =P) 


From the above results, the greatest compressive and tensile forces developed in the member 
are P and 1.4142P, respectively. Thus, 

P=1kN (controls) Ans. 

1.4142P =1.5 P =1.06KN 
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6-26. A sign is subjected to a wind loading that exerts 
horizontal forces of 300 Ib on joints B and C of one of the 
side supporting trusses. Determine the force in each 
member of the truss and state if the members are in tension 
or compression. 


Joint C: 


IF, = 0; 300 - Fep sin 22.62? = 0 


Fop = 780 Ib (C) Ans 
+TIF, =0; -Fep + 780 cos 22.62° = 0 


Fes = 720b(1) Ans 


Joint D : 
rte =% Fon = 0 Ans 
NAIF, = 0; 780 - For = 0 


For = 780 Ib (C) Ans 


Joint B : 
SEF, 20; 300—F4cos4S° + Fygsin45.24° =0 


+TIF, = 0; 720—Fy,sin45° - Fygcos45.24°=0 


Fag = 297 bb (T) 


Foq = 722 b (T) 
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6-27. Determine the force in each member of the double 
scissors truss in terms of the load P and state if the members 
are in tension or compression. 


L 
Cam, = 0; AGS) + az) - (BL) = 0 


R= 
+TIF =0; A =P 


Joint F: 


+TZE = 0; fal) -P=0 


7 


Fy = (2P = 1.41P(T) 


. 
THE =O: Fro ~ Fie - Fn) = 0 


z 


() 


1 


Fea) “ taser - Fel) 


=0 


2 


ys = ae =F 


Fe, = 255 = 1.4907P = 1.49P(C) 


Fop = 2p = 0:4714P = 0.471P(C) 


Ved m2, =0 


eae 


5 
Rye = 5P = 167 P(T) 


From Egs. (1) and (2) : 
Fge = 0.667 P(T) 
Fey = 1.67 P(T) 

= 0.471 P(C) 

= 1.67 P(T) 

= 1.49P (C) 

= 1.41 P(T) 

= 1.49 P(C) 

= 1.41P(T) 


Fon = 0.471 P(C) 
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*6-28. Determine the force in each member of the truss in 
terms of the load P, and indicate whether the members are 
in tension or compression. 


Support Reactions :  d/2 Pe, d/2 


4 

Gr =0; P(2d)~A,(34)=0 A,=$P 
4 4 
+TXE =0; 37-520 = B=5P 


Sre=0 E£-P=0 &=P 


Method of Joints : By inspection of joint C, members CBand CD are 
zero force member, Hence 


Kes = Fen = 0 Ans 
Joint A 


1 4 
+Tiz, = ta sos -$=0 


F,g = 2404P (C) = 2.40P (C) 


+ 1S 
— LE =0; Fur- 5}-° 
3.25 


aiid esc 


1333P + 0.89445, p — 0.89445, - = 0 [2] 


Solving Eqs. [1] and [2] yield, 
For = 1.863P(T) = 1.86P(T) 
Fp = 0.3721P(C) = 0.373P(C) 


Joint F 


Fre = 1.863P(T) = 1.86P(T) Ans 


sein serfs aa 


Fep = 0:3333P(T) =0.333P (T) Ans 


Joint D 


7ape0 al) asm ya)" 


Fog = 03727P (C) =0.373P (C) Ans 


* 0.5 
7 IF <0; oasran{ PE) -assse =0 (Check!) 
125 
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°6-29. Ifthe maximum force that any member can support 
is 4 kN in tension and 3 KN in compression, determine the 
maximum force P that can be applied at joint B. Take 
d=1m. 


Support Reactions : 


(+ EM, = 0: P(2d)~A,(54)=0 A, =3P 


+Tir=0; 4p-g =0 aoP 
7G 3P-h20 B85 


5rE=0 E-P=0 E&=P 


Method of Joints : By inspection of joint C, members CBand CD are 
zeto force membess Hence 


Joint A 


1.333P +0,8944Fyp —0.8944F, ¢ = 0 


Solving Eqs.{1] and [2] yield, 
Fyp =1.863P(T) — Fgp = 0.3727 P(C) 


1 


so ta 


Fre = 1.863P(T) 


From the above analysis, the maximum compression and tension in the truss 
members are 2.404P and 2.00P, respectively. For this case, compression 
controls which requires 


Joint D 


+TIE =0; fal 7 
Fog = 0.3727P (C) 


Tiss 


osrn| F | — 0.3333P = 0 (Check!) 
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6-30. The two-member truss is subjected to the force of 
300 Ib. Determine the range of @ for application of the load so 


that the force in either member does not exceed 400 lb (T) or 
200 Ib (C). 


EF, = 0; 300 cos @ + Frc + Fas (3) = 0 


+TER, = 0; - 300 sind + Fas (2) =0 


Thus, 


Fun = 300sin 8 


Fue = — 300 cos 6 = 400sin 9 


For AB require : 
— 200 s 500s 8 = 400 


-2s5 5sm654 (69) 


For AC require : 
— 200 s -— 30 cos 6 = 400sin 9 < 400 


—-45 30386+4smds 2 (2) 


Solving Eqs. (1) and (2) simulmneously, 
127° $ @< 196° Ans 
336° 3 @ <5 347° Ams 


A possible hand solution : 


The range of values for Eqs. (1) and (2) are shown in the figures : 


& = 6, +n (2) = 4 + 36870 


Thea 

Fug = 500 sin 6; 

Fic = — 300 cos (@ — 36.870°) — 400 sin (@, — 36.870°) 
— $0 [cos 6, cos 36.870° + sin 6 sin 36.870°) 
— 400 (sin @, cos 36.870° — cos &, sin 36.870°) 
— 240 cos 6, — 180 sin 6 — 320sin & + 240 cos 


= - 500sin & 


Since 6, = @; — 36.870°, the range of acceptable values for 9 = 0, is 


Thus, we require 127° 36s 196° Ans 


-2<5sin®Q, $4 or -O045 sin® 5 08 336° s 65347" Ans 


~4$5sn@ 52 of -08S sin@ $04 


433 


6 Solutions 44918 1/26/09 1:46 PM Page 434 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


tan (4) 


x 
Sin(@43687°) 


(90-26 270 
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6-31. The internal drag truss for the wing of a light 
airplane is subjected to the forces shown. Determine the 
force in members BC, BH, and HC, and state if the 
members are in tension or compression. 


80 Ib 80 lb 


+TIF, = 0; 180 - Fey sin 45° = 0 


Fey = 255 (T) Ans 


GMa =0;  —Fac (2) + 60(2) + 40(3.5) = 0 


Fac = 1301b(T) Ans 
Section 2 : 
+TER = 0; 80+ 60+ 40- Fic = 0 


Fuc = 1801b(C) = Ans 


Aft 
80!lb {olb 401b 
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*6-32. The Howe bridge truss is subjected to the loading 
shown. Determine the force in members HD, CD, and GD, 

: P : : 20 kN 20 kN 
and state if the members are in tension or compression. 


Support Reactions : 


(+2M, =0; — & (16) - 40(12) -20(8) ~ 20(4) <0 
E, =45.0kN 


Method of Sections : 


(+ =M,=0; 45.0(8) -40(4) - Fp (4) =0 
Fep = 50.0 kN (T) 


+TER =0;  45.0~40-Fi,psin 45° =0 
Fyp = 7.071 KN (C) =7.07KN (C) Ans 


Method of Joints : Analysing joint D, we have 


+TEE=0; Foo -7.07lsin 45° =0 
Fop = 5.00 kN (T) 
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°6-33. The Howe bridge truss is subjected to the loading 
shown. Determine the force in members H/, HB, and BC, 
and state if the members are in tension or compression. a0 oe 


B c 
| ___16 m, 4@4 


30KN Lok zoKN FokN 


Support Reactions : 


(+2M_ =0; — 30(16) +20(12) +20(8) + 40(4) -A, (16) =0 
A, = 65.0KN 


4 =F, =0; A, = 0 
Method of Sections : 


(+2My=0; Faye (4) +20(4) +30(8) -65.0(8) =0 
Fac = 50.0KN (T) 


(+ IM, =0; Fy (4) +30(4) -65.0(4) =0 
Fiy = 35.0 KN (C) 


+TIE =0; 65.0-30-20-Figsin 45° =0 
Fyg = 21.2 KN (C) 
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6-34. Determine the force in members /K, C/, and CD of 
the truss, and state if the members are in tension or A 


compression. 7) 
[B 


2m>+-+2m 


Method of Joints: Applying the equations of equilibrium to the free- body diagram of the truss, Fig.a, 


4,25, =@ A, =0 
(tiMg =0 6(2)+ &4)+5(8)+ 4(10)—Ay (12) = 0 
Ay =10.33kN 


Method of Sections: Using the left portion of the free - body diagram, Fig. a. 


(Mc =0: Fix (3)+ 4(2)— 10334) = 0 
Fy =11.111 KN =11.1kN( 
(+2M, =0; Fp (3)+ 5(2)+4(4)— 10.3%6)= 0 
Fep = 12kN(T) 
+ TX =0; 10.33-4- 5- Ry sin56.31° = 0 
Foy =1.602KN = 1.60 KN (C) 


_ 


(2) (6) 
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6-35. Determine the force in members HI, FJ, and EF of 
the truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(+2Ma =0; Ng(2)— 4(2)- 14) — &8)- 6(10) = 0 
Ng = 12.67kN 


Method of Sections: Using the right portion of the free - body diagram, Fig. b. 


(2M, =0 12.6%4)— 2)— Fer (3)= 0 
Fp =12.89kN =12.9KN (T) 

(Mo =0; —F ry sin 56.31°(2) + 6(2) = 0 
Fry = 7.211 KN =7.21 KN (1) 

(12M =0; 12.6%2)-Fa( 2 |2)=0 
Fyy = 21.11 KN = 21.1 KN(C) 


GN N=/2-67 Ke 
(b) 
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*6-36. Determine the force in members BC, CG, and GF 
of the Warren truss. Indicate if the members are in tension 
or compression. 


Support Reactions : 


(im <6; 6(6)+8(3)-A,(9)=0 A, = 6.667 KN 


“+ EF, =0; A, =0 
Method of Sections : 
(+=M, =0; Foe (3sin 60°) + 6(1.5) — 6.667(4.5) =0 
Fog = 8.08 kN (T) 
(+2Me=0; Fc (3sin 60°) — 6.667(3) =0 2 Singo’m 
Fac = 7.70 KN (C) 


+TIE=0; 6.667-6-Fgsin 60° =0 
Fug = 0.770 KN (C) 


6-37. Determine the force in members CD, CF, and FG 
of the Warren truss. Indicate if the members are in tension 


or compression. 


Support Reactions : 
(+m, =0; 5, (9)-8(6)-6(3)=0 5 =7.333kN 
Method of Sections : 


(+ 2M. =0; — 7.333(4.5)-8(1.5) — Fog (3sin 60°) =0 
Fg = 8.08 KN (T) in 3 Singo’m 


G+2M_=0; —7.333(3)- Fey (3sin 60°) = 0 
Fep = 8.47 KN (C) 


+TZR=0;  Fopsin 60°+7.333-8 =0 
Fer = 0.770 KN (T) 
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6-38. Determine the force in members DC, HC, and HI of 
the truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(+2M4 = 0; 40(1.5) + 30(3)+ 40(2)— F,(4) = 0 
F, = 57.5kN 
* =F, =@ A, -30-40=0; A, = 70kN 
+T XK, =0; 57.5 -40-50+Ay = 0; Ay = 32.5kN 
Method of Sections: Using the bottom portion of the free - body diagram, Fig. b. 


(+2M c = 0; 70(3) — 32.5(2) — 40(1.5) — F yyy (2)= 0 
Fry = 42.5 KN (T) Ans. 

(+2M p =@ 70(4.5)— 40(3) — 30(1.5) — Fyyc (1.5) = 0 
Frc = 100KN (T) Ans. 


3 
+T XK, =0; 32.5 +42.5 - Foc (=) = 0 


Foc =125 kN (C) 
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6-39. Determine the force in members ED, EH, and GH 
of the truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(+2M 4 = 0; 40(1.5)+30(3) + 40(2)- Fy(4) = 0 
Fy = 57.5KN 
+3F, =0 A, -30-40=0; A, = 70KN 
+T XF, =0; 57.5 -40-50+ Ay = 0; Ay = 32.5kN 
Method of Sections: Using the left portion of the free - body diagram, Fig. b. 


(+2M 5 =0; —57.5(2)+ Foy (1.5)= 0 

Fgy = 76.7KN (T) Ans. 
(2M H=G, -57.5(4) + Fp (1.5) + 40(2)= 0 

Fep = 100kN (C) Ans, 


3 
+ TF, =0; 57.5 ~ Fay (z)-40= 0 
Fry = 29.2 KN (T) 


50 KN 
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*6-40. Determine the force in members GF, GD, and CD 
of the truss and state if the members are in tension or 
compression. 


Gu = 0; (5) 260) - Fop sin 36.87° (16) = 0 
Fen = 2001b(C) Ans 


GEM = 0; For(3) - (4) (260) (4) = (3) (260) (3) = 0 


For = 4201b(C) = Ans 


_— 


GEM = 0; Fen cos 14.04" 4) - (12) (260) (8) = 0 He ys —————, 


Fep = 495 Ib (T) Ans 


°6-41. Determine the force in members BG, BC, and HG 
of the truss and state if the members are in tension or 
compression. 


240 (8) — Fac cos 14,04° (4) = 0 
Fac = 4951b(T) Ans 

240 (4) + 100 (3) ~ Fue (3) = 0 
Fuc = 4201b(C) Ans 

= 240 (8) + Fog sin 36.87° (16) = 0 


Fag = 2001 (C) Ans 
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6-42. Determine the force in members JC and CG of the 
truss and state if these members are in tension or 
compression. Also, indicate all zero-force members. 


By inspection of joints B, D, H and I, 


AB, BC, CD, DE, HI, and GI are all zero-force members. 
(+iM,=0; -4.5(3) + Be(3)(4) =0 


Fic = 5.62 KN (C) 


Foy = 5.625 kN 
4 4 
505.625) + 55.625) ~ Feq = 0 


Fog = 9.00 KN (T) Ans 


6-43. Determine the force in members JE and GF of the 
truss and state if these members are in tension or 
compression. Also, indicate all zero-force members. 


By inspection of joints B, D, H and J, 


AB, BC, CD, DE; HI, and GI are zero- force members. 
Joint E: 


4 
+TI=R =0; 15 - <Fie = 0 


Bz = 9.375 = 9.38 KN (C) 


3 
5 (9.375) — For = 0 


For = 5.625 KN (T) 
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*6-44. Determine the force in members J/, EF, EJ, and JE 
of the truss, and state if the members are in tension or 
compression. 


1500 Ib 


Support Reactions: Applying the equations of equilibrium to the free - body diagram of 
the truss, Fig. a, 


42F, =G 900-G, =0 
G, = 900 Ib 

(+2M 4 = 0; 1000(16) + 1500(24) + 1000(32)+ 900( 24) — Gy (48)= 0 
Gy = 2200 Ib 


Method of Sections: Using the right portion of the free - body diagram, Fig. b. 


(Me =0; 2200(16) — 900(16) — Fy sin45°(8) =0 

Fy =3676.96 Ib =3677 Ib(C) Ans. 
(+My =0 2200(8) — 900(16) — Fer cos 45°(8)= 0 

Fre = 565.69 In = 566 Ib (T) Ans. 


Using the above results and writing the force equation of equilibrium along the x axis, 


+ EF. =Q 3676.96 cos 45° — 565.69.c0s 45° - 900 — Fy = 0 
Fry = 13001b(T) Ans. 


Method of Joints: From the free - body diagram of joint E, Fig. c, 


+ TER, =0; Fy —565.69sin 45° = 0 
Fre = 400 Ib (T) 
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e6-45. Determine the force in members CD, LD, and KL 1500 Ib 
of the truss, and state if the members are in tension or 
compression. 


7 \ 
: i =) am a 8 ft | 


Support Reactions: Applying the equation of equilibrium about point Gto the free - body diagram of 
the truss, Fig. a, 


(+2Mg =0; 1000(16) + 1500(24) + 1000(32)— 900(24)— N4 (48)= 0 
Na = 13001b 


Method of Sections: Using the left portion of the free - body diagram, Fig. b. 


(+2Mp = 0, Frz (8) + 1000(8) — 9008) — 1300(24) = 0 
Fz, = 3800 Ib (C) 
(+2M, =0, Fp (8) — 1300(16) = 0 
Fop = 2600 Ib (T) 
+ TK, =0; 1300-1000 - Fyp sin45° = 0 
Fup = 424.26 |b = 424 Ib (T) 
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6-46. Determine the force developed in members BC and 
CH of the roof truss and state if the members are in tension 
or compression. 


E,(4)-2(0.8)~1.5(2)=0 £, = 1.1SKN 


1.15(3) = 1.5(1) = 3Fac(1) =0 


Fac = 3.25 KN (C) 
1.15(4) — 1.5(2) — Fen sin $6.31°(1) =0 


Foy’ = 1.92 KN (T) 
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6-47. Determine the force in members CD and GF of the 
truss and state if the members are in tension or 
compression. Also indicate all zero-force members. 


-2 (0.8) - 1.5(2) + B (4) = 0 
E, =1.15N 
Section : 
(4EMp = 0; 1.15 (1) — Feo sin 36.87° (1) = 0 


. Fop = 1.92KN(C) Ans 


(4EMe = 0; For (1.5) + 1.15(2) = 0 


For = 1.53kKN(T) Ans 
Joint D: 
+£2F, = 0; 
Joint F : 


+TZIB =0; Fre cos@ =0 
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*6-48. Determine the force in members J/, EJ, and CD of 
the Howe truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(42M 4 = 0; Ng(12)-2(12)— 4(10) - 4(8) - 6(6) - (4) - (2) =0 
Ng = 13.5kN 


Method of Sections: By inspecting joint D, we find that member DJ is a zero - force member, thus 
Fpj = 0. Using the right portion of the free - body diagram, Fig. b. 


(+2M, =0; 13.(6)-4(2)— 4(4)—2(6) — Fop (4) = 0 

Fop = 11.25 KN (T) Ans. 
(+Mg = 0; 13.(4)- %4)-4(2)— Fy sin33.69°(4) = 0 

Fy =17.13KN =17.1 KN (C) 
(+2MG =0; 4(2)+4(4)— Fy sin63.43°(4) = 0 

Fey = 6.708 KN =6.71 KN (T) 
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°6-49. Determine the force in members KJ, KC, and BC 
of the Howe truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the equations of equilibrium to the free- body diagram of the truss, Fig.a, 
A, =0 
H12)+ (10) +5(8)+ (6)+4(4)+ 4(2)—-Ay(12)=0 
Ay =15.5 kN 


Method of Sections: Using the left portion of the free - body diagram, Fig. a. 


(+2Mc =0; Fy sin33.69°(4) + 5(2) +3(4) ~15.5(4) =0 

Fy =18.03KN = 18.0 kN (C) Ans. 
(+2M, =0; Fc (4)- 5(4)-5(2) = 0 

Fc = 7.50 KN (C) Ans. 
(Mx =0 Frac (2.667) + (2)+ X4)- 15.44) =0 


Fag = 1SKN(T) 
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6-50. Determine the force in each member of the truss 


and state if the members are in tension or compression. Set 
P, = 20 KN, P) = 10 KN. 


Entire truss : 


GoM =0; -20(1.5) - 10(45) +8, (6) =0 


E, =12.5kN 


+TIR = 0; A -20-10+125=0 
20KN 1OKN fy 


A, = 17.5KN Pe 4 Ta 


ise 

mR =0; A =0 
Joint A: 

4 
+TIR, = 0; 17.5 - Fu = 0 

Fyg = 21.875 = 21.9 kN (C) 

+ 3 
ER, = 0; Fro ~ 3 (21.875) = 0 


Fyg = 13.125 = 13.1 KN (1) 


Joint B : 

+,nR, = 0; = L875) ~ Fac = 0 
Fac = 13.125 = 13.1 kN (C) 
4 

+TEE, = 0; 5 (21.875) - Fao = 0 
Foo = 17.5"N(T) Ans 


Joint G: 
4 
+TIF, = 0; 115 - 20+ = Feo= 0 
Feg =3.125= 3.12KN(T) Ans 
+ IF, = 0; 3 (3.125) + Fro - 13.125 = 0 


Frg = 11.25= 11.2kN (T) Ans 


Joint C: 
4 4 
+TIB = 0; gia Gin s 


For =3.125= 3.12KN(C) - Ans 


EF, = 0; 13.125 - $ (3.125) = 3 (3.125) =Ry =O 


Fep = 9.375 = 9.38 KN (C) Ans 
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Joint D: 
+ 3 
> IF, = 0; 9.375 ~ 5 For = 0 


Fog = 15.625 = 15.6kN (C) 


+TXF, = 0, + (15.625) - For = 0 


For = 125KN(T) Ans 


5 (3.125) — 11.25 + Fer = 0 
Fer = 9.38 kN (T) Ans 


+TEE, = 0; 125 - 10 ~ 5.125) = 0 
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6-51. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 
P, = 40 KN, P) = 20KN. 


Entire truss : 
Grm =0; -40 (1.5) - 20(4.5)+5, 6) =0 
E, =25KN 


+TER =0; A -40-20+25 =0 


4 = 35kN 


A =0 


4 
35 -- Fz = 
5 fas 0 


Fug = 43,75 = 43.8 kN (C) Ans 


Fug - 3 (43.75) = 0 


Fag = 26.25=26.2KN(T) Ans 


SIF, = 0; 5 (43.75) - Fac = 0 
Foc = 26.25=26.2KN(C) Ans 
4 
3 (43.75) ~ Fao = 0 


Fac = 35.0kN (T) Ans 
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Jot G: 
4 
+TIF, = 0; ~ 40 + 35+ 3 Foc = 0 
Foc = 6.25KN(T) Ans 


SIF, = 0; 5 (6.25) + Fop - 26.25 = 0 


For = 22.5KN(T) Ans 


Joint E : 
4 
+TIR =0; 25 -3'm=0 
Fep = 31.25 = 31.2 KN (C) 
+ 3 
~ IF, = 0; ~ Fer + 5 (31.25) =0 


Fer = 18.75 = 18.8 kN (T) 


3IF=0; Fo- 5 (31.25) =0 
Foc = 18.75 = 18.8kN (C) 
4 

+TIR = 0; gz 01-25) - For = 0 


For = 25.0 kN (T) Ans 


Joint F : 
4 
+TER = 0; 25- 3 (Frc) - 20= 0 


Fre = 6.25 kN (C) Ans 


“SEF, = 0; - 22.5 + 18.75 + 5 (6.25) =0 
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*6-52. Determine the force in members KJ, NJ, ND, and 
CD of the K truss. Indicate if the members are in tension or 
compression. Hint: Use sections aa and bb. 


1500 Ib je th 
20 ft-+-20 ft 20 ft-++-20 ft--- 20 ft-- 20 ft 


Support Reactions : 


(+=, =0; — 1.20(100) + 1.50(80) + 1.80(60) —A, (120) = 0 
A, =2.90 kip 


SE =0; A, =0 


Method of Sections : From section a—a, Fy,and Fop can be obtained 
directly by suraming moment about points C and K respectively. 


Gmc =0; Fe, (30) +1.20(20) -2.90(40) =0 
Fy = 3.067 kip (C) = 3.07 kip (C) Ans 


(+m, =0; Fey (30) +1.20(20) - 2.90(40) =0 
Fp = 3.067 kip (T) = 3.07 kip (T) Ans 


From sec bb, summing forces along x and y axes yields 


“EF =0; Fo(3 )- Ful )+3:067-3.067 =0 
Fup = Fy 


+TIE=0; 290-1.20-1.50- ~Fuo(3)- fu(3)=0 
Fup + Fy, = 0.3333 
Solving Eqs.[1 and [2] yields 


Fyp = 0.167 kip (T) Fy, = 0.167 kip (C) Ans 
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6-53. Determine the force in members JJ and DE of 
the K truss. Indicate if the members are in tension or 
compression. 


+t SO On Oe Y 
15001 1290 1h -_ 
—20 ft 20 ft 20 ft--1—-20 ft 20 ft-— 20 ft 


/KKISDN 


Support Reactions : 


(+ 2M, =0; — G, (120) ~1.80(60) ~ 1.50(40) ~ 1.20(20) = 0 
G, = 1.60 kip 


Method of Sections : 


(+2M;,=0; — 1.60(40) - Fj,(30) =0 
Fj, = 2.13 kip (C) 


(¢ =M,=0; = 1.60(40) - ,(30) =0 
Fog = 2.13 kip (T) 


Gy! 60 kip 
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6-54. The space truss supports a force 
F = {-500i + 600j + 400k} Ib. Determine the force in 
each member, and state if the members are in tension or 
compression. 


Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint C, and then that of joints A and 
D. 

Joint C: From the free - body diagram, Fig. a, 


LF, =0; Fea( 3}- sooo 


Fo, = 833.33 1b = 833 Ib (T) 


BF, = 0; Fea 2}- Fen 2}+600=0 ry) 


wom a) 


5 5 
Solving Eqs. (1) and (2) yields 
Foy = -666.67 lb = 667 Ib(C) 
Fop = 333.33 Ib =333 Ib (T) 
Joint A: From the free - body diagram, Fig. b, 
=F, =0; Fp cos 45° — Fag cos45° = 0 
Fap = Fag =F 
aR, =0; F sin45°+ F sin45°— a33{ 2)- 0 
F = 353.55 |b 
Thus, Fan = Fag = 353.55 Ib =3541b(C) 


EF, = 0; 3.4 4)- A, =0 


A; = 666.67 Ib 
Joint D: From the free - body diagram, Fig. c, 


3 © 
2F =0; Fog +333.9( 3) -358 s5e0 45 =0 
Fpg = 50 Ib(T) 


EF, =0; D, —353.55sin 45° = 0 
D, = 250 Ib 


EF, = 0; ss3.{ $)-p, =0 
D, = 26667 Ib 


Note. The equilibrium analysis of joint B can be used to determine the components 
of support reaction of the ball and socket support at B 
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6-55. The space truss supports a force 
F = {600i + 450j — 750k} lb. Determine the force in each 
member, and state if the members are in tension or 
compression. 


Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint C, and then that of joints A and 
D. 

Joint C: From the free - body diagram, Fig. a, 


2K, = 0; 600+ Fea 2)=0 
Fe, = 1000 Ib = 1000 1b (C) 


BF, = 0; Fa(2)- Feo( 2} +450= 0 ro) 


2F, = 0; -Fas{ 2)- r( $) -(-1000{2)- 750 = 0 (2) 


5 
Solving Eqs. (1) and (2) yields 
Fop = 406.25 Ib = 406 Ib (T) Ans, 
Fog = -343.75 lb = 3441b(C) Ans. 
Joint A: From the free - body diagram, Fig. b, 
BF, =0; Fag 00845°- Fap c0s45° = 0 
Fap = Fap =F 


IF, = 0; 100 3) ~F sinasr—F sinds® = 0 


5 


3 
F = 424.26 Ib 
= Fap = 424.26 Ib =424 Ib (T) 


EF, = 0; A, ~1009{ £}=0 


A, = 800 Ib 
Joint D: From the free - body diagram, Fig. c, 


XF, =0; 40625 2}s 406.25.00845° — Fpp = 0 


Fpp = 543.75 Ib =5441b(C) 
3F, =0; 424.26sin45°- D, =0 
D,, = 300 Ib 


2F, = 0; 40524 4)-p, =0 


D, =3251b 
Note. The equilibrium analysis of joint B can be used to determine the components 
of support reaction of the ball and socket support at B 
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Fi4=/000 Ib 


, ep =4.06.25 |b . 


Y. 
fap 7424-26 1b 
(¢) 
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*6-56. Determine the force in each member of the space 
truss and state if the members are in tension or 
compression. The truss is supported by ball-and-socket 
joints at A, B, and E. Set F = {800j} N. Hint: The support 
reaction at E acts along member EC. Why? 


+ Fah = 0 


kp + 800 = 0 


4725 


Fep = 615.4 = 615 N (C) 


\ 
Fac — —===(615.4) 2 0 
me” Y725 


Fac = 229 N (T) Ans 


—15_(615.4) - Fic 2 0 


4725 


Fyc = 343 N (T) 


Fee - —2_(615.4) =0 


4725 


Frc = 457 N (C) 
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°6-57. Determine the force in each member of the space 
truss and state if the members are in tension or 
compression. The truss is supported by ball-and-socket 
joints at A, B, and E. Set F = {—200i + 400j} N. Hint: The 
support reaction at F acts along member EC. Why? 


1 5 1 
~=Fip + + Fep -200= 0 
3 7312s 725 


2 
neler seen yaw} 
3 31.25 7.25 


2 Fop = 0 
V725 
Fp = 43 N(T) Ans 
Fan = 186 N (T) Ars 


Feo =z 397.5 = 397 N (C) 


1 
Fac - (397.5) = 0 
¥725 
Fec = 148 N (T) Ans 


1.5 


4725 


Fyc = 2IN(T) 


(397.5) - Fae = 0 


2 
Fee - (397.5) = 0 
~ 4125 asd 


Fee = 295 N (C) Ans 
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6-58. Determine the force in members BE, DF, and BC of 
the space truss and state if the members are in tension or 
compression. 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C 
EE =0; Fepsin60°-2=0 Fey = 2.309 KN (T) 


EE =0; 2.309c0s 60°- , =0 
Foc = 1.154KN (C) = 1.15KN(C) Ans 


Joint D Since Fep, Fygrand Fog lie within the same plane and Foy is out 
of this plane, then Fp, = 0. 


EF =0; Bl - 290% or =0 


Ts 


For = 4.16 KN (C) 


Joint B 
1.732 


m=, he( a )-200 


Fog = 4.16 KN (T) 
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6-59. Determine the force in members AB, CD, ED, and 
CF of the space truss and state if the members are in tension 
or compression. 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C Since Fop, Fyc and 2 KN force lie within the same plane and 
For is out of this plane, then 


Fog =0 


ZE=0; Kpsin60’-2=0 
Fop = 2.309 KN (T) =2.31 KN (T) Ans 


LE =0; 2.30908 = Fye=0 Fac = 1.154 KN (C) 


Joint D Since Fop, Fog and Foglie within the same plane and Fh, is out 
of this plane, then Fp, =0. 


ogame 


For = 4.163 KN (C) 


49{ Fe) fo =0 


Fey = 3.46 KN (T) 


fe 7a |-2-0 Fog = 4.163 KN (T) 


{3 
Ke -«16{$5]-0 


F,g = 3.46 KN (C) 
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*6-60. Determine the force in the members AB, AE, BC, 
BF, BD, and BE of the space truss, and state if the members 
are in tension or compression. 


Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint A, and then that of joints C and 
B. 

Joint A: From the free - body diagram, Fig. a, 


XF, = 0; Fae( 2)- 300 = 0 


Fag =450 Ib (T) 


BF, = 0; o00~456{4)-Fuo( 2 |=0 


Fap = 335.41 Ib (T) 


2 2 
IF =0; Fag - 335.41] == |- 450, =|=0 
- aad (7 G 


Fag = 3001b(T) Ans. 
Joint C: From the free - body diagram of the joint in Fig. b, notice that Fop , Fg, andC y 
lie in the y — z plane (shown shaded). Thus, if we write the force equation of equilibrium 
along the x axis, we have 


IF, = 0; Fac (e}-0 


Fpc =0 
Joint B: From the free - body diagram, Fig. c, 


ve rl) rig) ls) 
(3)-ml ze} 
Fae i 
Solving Egs. (1) through (3) yields 
Fpr = 225 Ib (T) 


Fee = 515.39 lb = 515 Ib (T) 
Fpp = —721.11 lb =721 Ib(C) 
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°6-61. Determine the force in the members EF, DF, CF, 
and CD of the space truss, and state if the members are in 
tension or compression. 


Support Reactions: In this case, it is easier to compute the support reactions first. 
From the free - body diagram of the truss, Fig. a, and writing the equations of equilibrium, 


My: = 0; 400(4) + 300(4) — 600(4)— D,(4) = 0 
D, = 1001b 
400(2) + 300(6)—C(4) = 0 
Cy = 650 Ib 
600(6) + 100(8)-— E,(8) = 0 
E,, = 550 1b 
XF, =0; ~—F, +600+100- 550=0 
F, =150 Ib 
2K, =0; F,-650=0 
Fy = 650 1b 
=F, = 0; F, — 300-400 = 0 
F, = 700 Ib 
Method of Joints: Using the above results, we will begin by analyzing the equilibrium of joint C, 
and then proceed to analyzing that of joint F. 
Joint C: From the free - body diagram in Fig. b, 


Fog =0 


Fop =6501b(C) _—— Ans, 


Joint F: From the free - body diagram in Fig. c, 


IF, = 0; Fra( 4 -150=0 Fr = 2251b(T) 


4 4 
=F, = 0; 700-225 © }— Fog —= |=0 
Zz 6 J80 


For = 1229.84 Ib = 1230 Ib (T) 


2 8 
ZF, =0; Fre + 650- 22 2) - 1229, — |=0 
y 6 475] 


For = 5251b(C) 
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6-62. If the truss supports a force of F = 200N, 
determine the force in each member and state if the 
members are in tension or compression. 


Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joint B 
Joint A: From the free - body diagram in Fig. b, 

0.2 


mee eye 


0.5 0.5 
ie fac (gop) ral 2 
Solving Eqs. (1) through (3) yields 
Fag = Fac = 220.45N = 220N(T) 
Fag = 583.10N = 583N(C) 
Joint B: From the free - body diagram in Fig. b, 


0.5 
EF, =0; 583.1 Jez) Fao sinasr=0 
0.34 


Fgp = 707.11N =707N (C) 

IF, =0; Fe cos45°— Far cos 45°= 0 
Fer = Fee =F 

iF, = 0; 707.11 cos 45° — 583.1 Pe} rans 0 

4034 

F =141.42N 

Thus, 

Fre = Fac =141.42N =141 N(T) 
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6-63. If each member of the space truss can support a 
maximum force of 600 N in compression and 800 N in 
tension, determine the greatest force F the truss can 
support. 


Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joint B 
Joint A: From the free - body diagram in Fig. b, 


vine nla) (2 
woe talc) ml 


=F, = 0; 


Solving Eqs. (1) through (3) yields 

Fag = 2.9155F (C) 

Fac = Fag = 1.1023F (1) 

Joint B From the free - body diagram in Fig. b, 

EF, = 0; 2sisse( BS) Fgp sin4s° = 0 
Fpp = 3.5355F (C) 

EF, =0; Fpg cos45°~ Far 00s45° = 0 
Fee = Fac =F 


03 
BF, =0; 3.5355F 00s45° — 2.9155F] == |- 2F’ sin4s° = 0 
a) 


F’=0.7071F Ans, 
Thus, 
Fee = Fac = 0.7071F (1) Ans. 
From the above results, the greatest tensile and compressive force developed in the members of the 
truss are 1.1023F and 3.5355F , respectively. Thus, 
1.1023F = 800 F =725.T1N 
3.5355F = 600 F =169.71N =170N (controls) 
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*6-64. Determine the force developed in each member of 
the space truss and state if the members are in tension or 
compression. The crate has a weight of 150 Ib. 


ee [= +2 : 2 ad 
= -0.354 Fi + 0.707 Ryj + 0.612 Fk 

Fog = 0.354Fegi + 0.707Fopj + 0.612Fegk 

Foo = — Foi 

W = -150k 
IE = 0; -0.354F, + 0.354Fo, = 0 
LF = 0; 0.707Fe, + 0.707Fe, — Fep = 0 : 
LE = 0; 0.612F, + 0.612Fe, - 150 = 0 fe Fea {50h 


Solving : 
Fo, = Fog = 122.5 1b = 122 Ib (C) 


Fen = 173 Ib (T) Ans 


Fy, = Feai 


Feg = 122.5 (-0.354i — 0.707 j — 0.612k) 


fo, 
Fyp = Fp cos60°%i + Fh sin60° k \ Fe 122.54 
CB 
fs 4 


by 
—_— 
— 43.31 — 86.6] - 75.0k = Fea 


Fy, + Fypcos60° — 43.3= 0 


Fyp8in60° - 75 = 0 


Fyp = 86.6 Ib (T) Ans 
Ans 


Eye = 122.5(0.354F, cl - 0.707F,¢j — 0.612%, ck) U 


Fea, 
Ay Pe Fac® f2a,.5uy 
LE = 0; Fo, cos30° = 0.612(122.5) = 0 ae Fae 


3) 
Fy = 86.6 Ib (T) Ans x As 4 
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°6-65. Determine the force in members FE and ED of the 

space truss and state if the members are in tension or 

compression. The truss is supported by a ball-and-socket {—500k} Ib 
joint at C and short links at A and B. {200j} Ib 


Joint F : Frc, Frp, and Fre are lying in the same plane and x axisisnormalto 8 j 
that plane. Thus 


IFy =0; FrgcosO=0 Fre =0 Ans 


JomtE : Feo, Frc, and Fea are lying in the same plane and x axis is normal to 
that plane. Thus 


IF, =0; Fmcos8@=0 Fe =0 
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6-66. Determine the force in members GD, GE, and FD 
of the space truss and state if the members are in tension or 
compression. {— 500K} Ib 


{200j} Ib 


Joint G : 


2 3 12 
se Ir pee ree 
Foo = Feo ( insa'* ias3’* inss ) 


4 3 12 
For = For (Si- 54+ Sk) 


J 


2 3 *) 


For = Fea ( 


“tsa '" toss! * ins * 


rh = Foci) (8) Mela) =® 


25-0 Ro ( 25) fo (3)-he( aig) m0 0 


12 12 
a aes Feo (a3) * For (35) + For (sag) - 500 = 0 


Solving, 
Fep = -— 157b = 1S71b(T) = Ans 
For = 181 1b(C) 
Fog = SOS1b(C) =Ans 

Joint F : 

Orient the x', y', z' axes as shown. 


IR. =0; Fp =0 Ans 
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6-67. Determine the force P required to hold the 
100-lb weight in equilibrium. 


Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of pulley A on the 
free- body diagram, Fig. a, 


+ TF, =0; 2T, - 100=0 Ta = 50 Ib 
Applying ZF, = 0 to the free - body diagram of pulley B, Fig. b, 
+ TSF, =0; 2Tg - 50=0 Tp = 25 |b 


From the free - body diagram of pulley C, Fig. c, 
+ T EF, =0; 2P - 25=0 P =12.51b 


= 501h  13=25/b 


(b) (65 
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*6-68. Determine the force P required to hold the 
150-kg crate in equilibrium. 


Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of pulley A on the 
free- body diagram, Fig. a, 


+ T EF, =0; 2T4 -150(9.81) =0 T = 735.75N 


Using the above result and writing the force equation of equilibrium along the y’ axis of pulley C on the free - 
body diagram in Fig. b, 


IF =0; 735.75-2P =0 P = 367.88N =368N 


1509-81) N 


(A) 
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°6-69. Determine the force P required to hold the 50-kg 
mass in equilibrium. 


Equations of Equilibriam: Applying the force equation of equilibrium along the y axis of each pulley. 
+ TX, =0; R-3P=0; R=3P 
+ TK, =0; T-3R=0; T =3R =9P 
+ TER, =0; 2P + 2R+2T -509.81)=0 
Substituting Eqs.(1) and (2) into Eq.(3) and solving for P, 
2P + %3P)+2(9P)= 50(9.81) 


P=18.9N 


50(9.3))N 
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6-70. Determine the force P needed to hold the 20-Ib block 
in equilibrium. 


Pulley C: 


+TEF, =0; T-2P 80 


Pulley A: 
+TIF, 20 2P+T-20=0 


P=Sb Ans 
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6-71. Determine the force P needed to support the 100-lb 
weight. Each pulley has a weight of 10 Ib. Also, what are the 
cord reactions at A and B? 


Equations of Equilibrium : From FBD (a), 
+TIE=0; P’-2P-10=0 


From FBD (b), 


+TEE=0; 2P+P’-100-10=0 


Solving Eqs.[1] and [2] yields, 


P=25.0\b 
P’ = 60.0 Ib 


The cord reactions at A and B are 


F,=P=25.0lb =P’ =60.0lb 
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*6-72. The cable and pulleys are used to lift the 600-lb 
stone. Determine the force that must be exerted on the cable 
at A and the corresponding magnitude of the resultant force 
the pulley at C exerts on pin B when the cables are in the 
position shown. 


Pulley D: 
+TEF 20; 27-6020 


T= Ob Ans 


Pulley B : 


EF, =0;  B, ~ 300sin30° 2 0 


B, = 1501b 
+TEE = 0; By — 300 - 3000s 30" = 0 


B, = 559.8 b 


Fy = /(150F + (559.8) = 580i 
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°6-73. If the peg at B is smooth, determine the 
components of reaction at the pin A and fixed support C. 


Equations of Equilibrium: From the free - body diagram of member AB, Fig. a, 

(+24 =0; Np (0.8) 900=0 Ng = 1125N 

+ =F, =G, Ax — 1125008 45° = 0 Ax = 795.50N = 795N 
+T XR =0; 1125sin45°—Ay = 0 Ay = 795.50N = 795N 


Applying the equations of equilibrium to the free - body diagram of member BC, Fig. b, 
42, =@ 112500s45°-C, =0 Cy = 795.50N = 795N 
+ TER, =0; CG, — 1125sin 45° - 500 = 0 C, = 1295.50 N =1.30kKN 
(Mc = 0; 1125sin 45° 1.2)+ 500(0.6)= Mc = 0 
Mc =1254.59 N-m=1.25kKN-m 
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6-74. Determine the horizontal and vertical components 
of reaction at pins A and C. 


Equations of Equilibrium: From the free - body diagram of member AB in Fig. a, we have 
(+2M 4 =0; By(5)— 150(3)= 0 By = 90 Ib 
(+2Mp = 0; 150(2)—Ay(5)= 0 Ay = 601b Ans, 


+ =F, = A, -— B, =0 


From the free - body diagram of the member BC in Fig. b and using the result for By, we can write 
(+2M¢ = 0; 90(2) + 100sin45°(2)—B,(2) = 0 
B, = 160.71 Ib 
+ T EF, =0; Cy - 90- 100sin 45° = 0 
Cy = 160.71 lb = 161 Ib 
160.71-— 100cos45°-C,=0 
C, = 901b 


Substituting B, = 160.71 Ib into Eq. (1) yields 
A, = 160.71 lb=161 Ib 
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6-75. The compound beam is fixed at A and supported by 
rockers at B and C. There are hinges (pins) at D and E. 
Determine the components of reaction at the supports. 


Equations of Equilibrium : From FBD(a), 
(+2, =0; 30-G(6)=0 CC, =5.00kN 


+TEE=0; 5-5.0=0 & =5.00kN 


+ £F =0; E,=0 


From FBD(b), 
B, (4) ~ 15(2) ~$.00(6) =0 
B, = 15.0kN 


D+ 15.0-15-5.00=0 
D =5.00kN 


’ 


EF =0, D,=0 


From FBD(c), 


Gr =0; M, -5.00(6) =0 
M, =30.0kN-m 


+TER =0; A,-5.00=0 A, =5.00KN 


SEE =0; A, =0 
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*6-76. The compound beam is pin-supported at C and 
supported by rollers at A and B. There is a hinge (pin) at D. 
Determine the components of reaction at the supports. 
Neglect the thickness of the beam. 


Equations of Equilibrium : From FBD(a), 


(+ 2M, =0; cos 30°(12) +8(2)—A, (6) =0 
A, = 9.595 kip = 9.59 kip 


+TEF=0; 2D +9.595-4cos 30°-8=0 
D, = 1.869 kip 


SEF =0; D,-4sin30°=0 D, =2.00kip 
From FBD(b), 


(+2, =0; = 1.869(24) + 15+ 12(3)@) -8, (16) =0 
B, = 8.541 kip = 8.54 kip Ans 


+T EE =0; G +8541~1.869-12(2)=0 
C, =2.93 kip 


SIR =0; C,-2.00- 12(3)=0 
C, = 9.20 kip 
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°6-77. The compound beam is supported by a rocker at B 
and is fixed to the wall at A. If it is hinged (pinned) together 
at C, determine the components of reaction at the supports. 
Neglect the thickness of the beam. 


Member CB : 


EF, 2 0;— - G + 200008 0 = 0 
G = 100b 
C+EMe = 0; 200 sin 60° (8) + B, (12) - 4000 = 0 
B, = 448.81 = 449 Ans 
e7 


+TER #0; G - 200sin60° + 448.8 = 0 


G = -2756 


s 
en =)+10020 


A 2923 b Ans 


12 


Am 75 )+278.6 =0 


A,=186 Ans C.=/00Ib 
($2 = 0; ~My 5005 )(4) +275.6(8) #0 


My = 359 b-ft Ans 


G =275.06lb 
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6-78. Determine the horizontal and vertical components 
of reaction at pins A and C of the two-member frame. 


Free Body Diagram : The solution for this problem will be simplified if 
one realizes that member BC is a two force member. 
Equations of Equilibrium : 

£00(3)* 600N 


(+26, =0; — Fyccos 45°(3) --600(1.5) =0 
Fac = 424.26N 


+TIR =0; A, +424.26cos 45°-600=0 
A, = 300N 


SIF =0;  424.26sin 45°-A, =0 


A, = 300N 


For pin C, 
C, = Facsin 45° = 424,26sin 45° = 300 N 
G, = Faccos 45° = 424,26c0s 45° = 300 N 


485 


6 Solutions 44918 1/26/09 1:47 PM Page 486 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-79. Ifa force of F = 50N acts on the rope, determine 
the cutting force on the smooth tree limb at D and the 
horizontal and vertical components of force acting on pin A. 
The rope passes through a small pulley at C and a smooth 


ring at E. 


Equations of Equilibrium: From the free - body diagram of pulley C in Fig. a, 
+ TF, =0; Fac —50-50=0 Fgc = 100N 


From the free - body diagram of segment BAD in Fig. b and using the result Fg- = 100N, 


(+2Ma =0; Np (30) 100(100) = 0 Np = 333.33N =333N 
+ =F, =0 333.33- A, =0 A, = 333.33 N =333N 
+ T XK, =0; Ay —100=0 Ay =100N 
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*6-80. Two beams are connected together by the short 
link BC. Determine the components of reaction at the fixed 
support A and at pin D. 


B D 
| 3m | 
1.5m 1.5m 


Equations of Equilibrium: First, we will consider the free - body diagram of member BD 
in Fig. a. 
(2Mp =Q 10(1.5)— Fa (3)= 0 
Fac = SKN 
42h, =, D,=0 
(Ma =0; Dy(3)— 101.5) =0 
Dy =5 kN 


Subsequently, the free- body diagram of member AC in Fig. b will be considered using the 
result Fc = SKN. 
4=F, =@ A, =0 Ans. 
+ TER, =0; Ay -12-5=0 
Ay =17 KN 
(2M, =0; M, -12(1)- 44) =0 
M, =32kN-m 
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°6-81. The bridge frame consists of three segments which 2 kip /ft 
can be considered pinned at A, D, and E, rocker supported 
at C and F, and roller supported at B. Determine the 
horizontal and vertical components of reaction at all these 
supports due to the loading shown. 


For segment BD : 


G+EMo =0;  2(30)(15)-8,(30)=0 8, =30kip Ame 
SEF, =0; D, =0. Ans 
+TEF=0; D,+30-230)=0 D, =3kip Ans 

For segment ABC : 

GEM =0;  G(5)-215)7.5)-3015)20  G=135kip Ams 
EF, 30; A =0 

+TER 20; -A,+135-2(15)-30=0 A, =75kip 


For segment DEF : 


K+EMe 30; -F,(5)+2(15)(7.5)+30(15) 20 F, = 13S kip 


SEF, =0; E,=0 


+TEF, =0; -E, +135-2(15)-30=0 £, = 7Skip 
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6-82. If the 300-kg drum has a center of mass at point G, 
determine the horizontal and vertical components of force 
acting at pin A and the reactions on the smooth pads C 
and D. The grip at B on member DAB resists both 
horizontal and vertical components of force at the rim of 
the drum. 


Equations of Equilibrium: From the free - body diagram of segment CAE in Fig. a, 


(+2 4 =0; 300(9.81)(600.cos 30°) — Nc(120)= 0 
Nc = 12743.56N =12.7kN 
=F, =Q A, — 12 743.56 =0 
A, =12 743.56 N = 12.7kN 
+ TF, =0; 300(9.81)—Ay = 0 
Ay = 2943 N =2.94kN Ans. 


Using the results for A, and Ay obtained above and applying the moment equation of equilibrium 
about point B on the free- body diagram of segment BAD, Fig. b, 


(+2M 5 =0; 12 743.56(60)— 2943(100) — Np(450)= 0 
Np = 1045.14 N =1.05kN Ans, 


P=300GB1)N 
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6-83. Determine the horizontal and vertical components 
of reaction that pins A and C exert on the two-member arch. 


-2(0.5) +B, (1.5) = B, (1.5) = 0 


B, (1.5) + B, (1.5)- 1.5(1) = 0 


By =0.8333KN = 833N 


B, = 0.1667kN = 167N 


-A, + 16720 
A = 167N Ans 
A, - 2000 + 833 = 0 


A, = 1.17KN Ans 


-G + 1500 - 167=0 
G 2133kN Ans 
+TIFE 20; G - 833 #0 


G = 833N Ans 
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*6-84. The truck and the tanker have weights of 8000 lb 
and 20000 Ib respectively. Their respective centers of 
gravity are located at points G, and G). If the truck is at 
rest, determine the reactions on both wheels at A, at B, and 
at C. The tanker is connected to the truck at the turntable 
D which acts as a pin. 


B 
-—10 ft—-— 9 ft— 


Equations of Equilibrium: First, we will consider the free- body diagram of the tanker in Fig. a. 


(24 =Q 20 000(10) — N 4(25)= 0 
Na = 8000 Ib 
427, =0 D,=0 
+ T 2, =0; Dy +8000-20 000 =0 
Dy = 1200016 


Using the results of D, and Dy obtained above and considering the free - body diagram of the truck in 
Fig. 5, 


(Mp =0 Nc(14)— 8000.9)= 0 
Nc = 5142.86 Ib=5143 Ib 
+ T EF, =0; Np +5142.86 — 8000 — 12000 = 0 
Ng = 14 857.14 b= 14857 Ib 


20000 |b | Dy =/200016 goo0 Ib 
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°6-85. The platform scale consists of a combination of 
third and first class levers so that the load on one lever 
becomes the effort that moves the next lever. Through this 
arrangement, a small weight can balance a massive object. 
If x = 450mm, determine the required mass of the 


counterweight S required to balance a 90-kg load, L. 
C | |D 


° ° 


(150 mm 
F-17350 mm S 


wa 


Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of member AB in Fig. a, 


(2M A =0; Fxg (500) — 90(9.81)(150) = 0 
Fag = 264.87N 


Using the result of Fgg and writing the moment equation of equilibrium about point F on the free- body diagram 
of member EFG in Fig. b, 


(+2M p = 0; Frp (250) — 264.8% 150) = 0 
Frp = 158.922N 


Using the result of Fgp and writing the moment equation of equilibrium about point C on the free - body diagram 
of member CDI in Fig. c, 


GMC = 0; 158.92% 100) — m,(9.81)(950) = 0 
m, = 1.705 kg = 1.71 kg 


Fen >/48.424N 


Fomn 


Pep £) Faq=2b4-81N 
(b) 


G0(F-B1) N 
(Q) 
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6-86. The platform scale consists of a combination of 
third and first class levers so that the load on one lever 
becomes the effort that moves the next lever. Through this 
arrangement, a small weight can balance a massive object. If 
x = 450 mm and, the mass of the counterweight S is 2 kg, 


determine the mass of the load L required to maintain the 
C | |D 


balance. 


° ° 


(150 mm 
F135 mm 


° 


A 


Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of member AB in Fig. a, 


(+2, = 0; Fag (500) — Mz, (9.814150) = 0 
Fg = 2.943 Ib 


Using the result of Fgg and writing the moment equation of equilibrium about point F on the free - body diagram 
of member EFG in Fig. 5, 


GM, =0; Fp (250) = 2.943m 1 (150) = 0 
Fep = 1.7658m, 


Using the result of Fgp and writing the moment equation of equilibrium about point C on the free - body diagram 
of member CDI in Fig. c, 


(:2M¢ =0; 1.7658m, (100) — 29.81 950) = 0 
my, = 105.56 kg = 106 kg 


S 


IB 


—_ 


Fey =/7688 MN. 


850 mm 


/00mm 
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6-87. The hoist supports the 125-kg engine. Determine 
the force the load creates in member DB and in member 
FB, which contains the hydraulic cylinder H. 


Free Body Diagram : The solution for this problem will be simplified if 
one realizes that members FB and DB are two-force members. 


Equations of Equilibrium : For FBD(a), 


(+=M,=0; — 1226.25(3)— Fry fon =0 
Fry = 1938.87 N = 1.94 kN 


125€9-8!) 
(22626n  ) 


3 
+TZIE =0; wan Fe) 1226.25~E, =0 
10 


E, = 613.125N 


+ 1 
SIE =0; ~ 1938.87| — |=0 
> {7} 
E, = 613.125 N 
From FBD (b), 


(+2M- =0; 613.125(3) —Fypsin 45°(1) =0 
Fa = 2601.27 N = 2.60 KN 


494 


6 Solutions 44918 1/26/09 1:47 PM Page 495 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*6-88. The frame is used to support the 100-kg cylinder E. 
Determine the horizontal and vertical components of 
reaction at A and D. 


Equations of Equilibrium: Member DC is a two - force member. 


D, =0 Ans. 


Consider the free- body diagram of member AC in Fig. a. 


D,,(0.6) — 981(1.2)+ 981(0.6)= 0 
D, =981N 


A, — 981-981 =0 
A, = 1962N 
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°6-89. Determine the horizontal and vertical components 
of reaction which the pins exert on member AB of the frame. 


-300 sin 60° 3) + 3 Fan (6 ~ 


Fin = 162.41b 


B= 5 (1624) = 97.4lb Ans 
4 
B, = 5(1624) = 1301 Ans 


ER, = 0; ~ 300 cos 60° + 3 (162.4) + A, =0 


A, = 52.6lb Ans 


+TIR 20 4 300 sin 60° + © (162.4) 20 


A =130b Ans 
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6-90. Determine the horizontal and vertical components of 
reaction which the pins exert on member EDC of the frame. 


Member AB : 


Gm = 0; ~300 sin 60° @) + © Fao (6) =0 


Feo = 1624 


Member EDC : 
4 4 
Gime = 0; — -300(6) ~ 5 (1624) (3) + 5 Fv G) = 0 


Fup = 1412.4 


Sree ~162.4(?)- 14i24(3)=0 


&=945 Ans 


Ex 


+t =O -Z +14124($)-1624(3)-s00=0 
E, = 500 Ans 


PinD: 
° 3 3 
~mF, 20, D, a5 (162) - 5 14124) =0 
D,= 945m Ans 
4 4 
+TIy, =0; -D,- 5 eas 5 (1412.4) =0 


D,= 1000b Ans 
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6-91. The clamping hooks are used to lift the uniform 
smooth 500-kg plate. Determine the resultant compressive 
force that the hook exerts on the plate at A and B, and the 
pin reaction at C. 


P=5(500XF8!) 
= 245L are 


rm. 20; Ns (80) — 2452.5 (150) = 0 


Ny, = 4998.4N 2 4.60kN Ans 
+TEF, =0; 2452.5 + 4598.4-G =0 
G =7050.9N=7.05KN Ans 


CB is a two- force member. 


Ny=G =7.05KN Ans 
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*6-92. The wall crane supports a load of 700 lb. Determine 
the horizontal and vertical components of reaction at the pins 
A and D. Also, what is the force in the cable at the winch W? 


Pulley E : 
+TIR =O 27T-700=0 
T=3590b Ans 


Member ABC : 


GEM = 0; Typ sin.45° (4) - 350 sin 60° (4)- 700(8) = 0 


Tap = 2409 b 
+TIF, =0; -A, + 2409 sin 45° - 350 sin 60°- 700 = 0 
A = 700 Ans 
EF, = 0; A, — 2409 cos 45° - 350.cos 60° +350- 350 = 0 
Ae = 1.88kip Ans 
AID: 
D, = 2409 cos 45° = 1703.1 = 1.70kip Ans 


D, = 2409 sin 48° = 1.70kip Ans 
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e6-93. The wall crane supports a load of 700 Ib. 
Determine the horizontal and vertical components of 
reaction at the pins A and D. Also, what is the force in the 
cable at the winch W? The jib ABC has a weight of 100 lb 
and member BD has a weight of 40 lb. Each member is 
uniform and has a center of gravity at its center. 


Pulley E : 


+TIF = 0; 


Member ABC : 
CEM = 0; B, (4) = 700 (8) - 100 (4) - 390 sin 60° (4) = 0 
B, = 1803.1 
+TZIF, =0; —A, — 350sin 60- 100 - 700 + 1803.1 = 0 
A, = 700 Ams 


SIR 30; A - 350cos 60° - B, + 3590- 350 = 0 


A = B, +175 () Ax 


Member DB : 

GEM = 6: — 40 (2) — 1803.1 (4) + B,(4) = 0 
B, = 1823.1 1b 

3IF, =0, -D, + 183.120 
D, = 1.82kip = Ans 

+TIF =0; D,-40- 183.120 
D, = 1843.1 = 1.84kip = Ans 


From Eq. (1) 
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6-94. The lever-actuated scale consists of a series of 
compound levers. If a load of weight W = 150 lb is placed 
on the platform, determine the required weight of the 
counterweight S to balance the load. Is it necessary to place 
the load symmetrically on the platform? Explain. 


Equations of Equilibrium: First, we will consider the free- body diagram of the platform in Fig. a. 
(+2 p =@ 150(x)- Gy(15)= 0 
Gy = 10x 
+ T EF, =0; Dy + 10x —150=0 
Dy = 150-10x 


From the free - body diagram of member CDE in Fig. b, 
(Mc =0; (150 — 10x)(1.5)— Fizz (9) = 0 
Frey = 25- 1.6667x 


From the free - body diagram of member FGHT in Fig. C, 
(+2M p = 0; Fy (21) (25 — 1.6667x)(9)— 10x(1.5) = 0 
Fy =10.71 1b 


Finally, from the free - body diagram of member JKL in Fig. d, 


(+2Mx =0, W, (4)— 10.71(1.25) = 0 
W, = 3.348 Ib = 3.35 Ib Ans. 


This result shows that W, is independent of the position x of the load on the platform. Thus, 
the load can be placed at any position on the platform. 


I50 1b 
x 


Fxy =/o-]/ Mb 


(a) 


Fay725-/-666TL 
(c) 
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6-95. If P = 75N, determine the force F that the toggle 
clamp exerts on the wooden block. 


Equations of Equilibrium: First, we will consider the free- body diagram of the upper handle in Fig. a. 


B,(50)— 7140) = 0 
B, =210N 

210-A, =0 

A, =210N 

By -Ay -75=0 (1) 


Using the result for B, and applying the moment equation of equilibrium about point C on the free - body diagram 
of the lower handle in Fig. b, 


(+™Mc =0; 210(50) + 75(160)— By(20)= 0 
By = 1125N 


Substituting B, = 1125 N into Eq. (1) yields 
Ay = 1050 N 


Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. c, 


(+2M p =0, 1050(85) ~210(50) - F (140) = 0 
F = 562.5N 


Ay=/060N 
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*6-96. If the wooden block exerts a force of F = 600N 
on the toggle clamp, determine the force P applied to the 
handle. 


Equations of Equilibriam: First, we will consider the free- body diagram of the upper handle in Fig. a. 


(+2Ma =0; B,(50)— P(140)= 0 
By, =28P 
42R, =Q 2.8P-A, =0 
A, = 2.8P 
+T EF, =0; B,-Ay-P=0 (dl) 


Using the result of B, and applying the moment equation of equilibrium about point C on the free - body diagram 
of the lower handle in Fig. b, 


(+c =0; P(160)+ 2.8P(50)— By(20)= 0 
By = 15P 


Substituting B, = 15 Pinto Eq. (1) yields 
Ay =14P 


Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. c, 


(+p =0, 14P(85)—2.8P( 50) - 600(140) = 0 
P=80N Ans. 
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°6-97. The pipe cutter is clamped around the pipe P. If 

the wheel at A exerts a normal force of F 4 = 80 N on the 

pipe, determine the normal forces of wheels B and C on AT 
the pipe. The three wheels each have a radius of 7 mm and WY 
the pipe has an outer radius of 10 mm. i 


iy = 
na 


1) 
@ = sin''(—) = 36.03° 
7 


Equations of Equilibrium: 


+TEZE=0; Nz sin 36.03°-N-sin 36.03° =0 
Ng =Ne 

“+F,=0; 80-Nccos 36.03°~N,.cos 36.03° = 0 
Ng = Ne =49.5N Ans 
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6-98. A 300-kg counterweight, with center of mass at G, is 
mounted on the pitman crank AB of the oil-pumping unit. 
If a force of F = 5 KN is to be developed in the fixed cable 
attached to the end of the walking beam DEF, determine 
the torque M that must be supplied by the motor. 


Equations of Equilibrium: Applying the moment equation of equilibrium about point E to the free - body 
diagram of the walking beam in Fig. a, 


(+2M g = 0; Fop cos 30°(1.75) — 5000(2.5)= 0 
Fop = 8247.86N 


Using the result of Fop and applying the moment equation of equilibrium about point A on the free- body 
diagram of the pitman crank in Fig. 5, 


(+2 A=9; 8247.86(0.65) — 300(9.81)cos 30°(1.15)—M =0 
M = 2430.09 N -m = 2.43 KN -m 
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6-99. A 300-kg counterweight, with center of mass at G, is 
mounted on the pitman crank AB of the oil-pumping unit. 
If the motor supplies a torque of M = 2500 N- m, determine 
the force F developed in the fixed cable attached to the end 
of the walking beam DEF. 


Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the pitman crank in Fig. a, 


(+24 = 0; Fp (0.65) — 300(9.81)cos 30°(1.15)— 2500 = 0 
Fop = 8355.41N 


Using the result of Fop and applying the moment equation of equilibrium about point E on the free- body 
diagram of the walking beam in Fig. b, 


(+2M ¢ = 0; 8355.41 cos 30°(1.75)— F(2.5)= 0 
F = 5065.20N =5.07kN 


ot E 
fip=8355:41N 
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*6-100. The two-member structure is connected at C by a 
pin, which is fixed to BDE and passes through the smooth 
slot in member AC. Determine the horizontal and vertical 
components of reaction at the supports. 


Member AC : 
Gm, =0; Ne(S)- 600 =0 


Ne = 120 
“+2F, =0; A - 120(3) =0 
A =%lb Ans 
+TER =0; -4 +120(2) <0 


A4,=72tb Ans 


Member BDE : 


(+EMe = 0; $00(8) + 120 G)@-2,@-=0 


D, = 2180b=2.18kip Ans 
- 4 
SEF, = 0; - & + 120(3) =0 

& =%b Ans 
+TER, = 0; - 00 - 120(3) + 2180-6, =0 


E, = 1608b=1.6lkip Ans 
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°6-101. The frame is used to support the 50-kg cylinder. 
Determine the horizontal and vertical components of 
reaction at A and D. 


Equations of Equilibrium: First, we will consider member ABC . 


(+a = 0; G, (1.6)— 50(9.81)0.7)— 50(9.81(1.7) = 0 
C, = 735.75N 
+ TX, =0; Ay + 735.75— 50(9.81)— 50( 9.81) = 0 
Ay = 2AS.25N = 245N 


2F, =@ Cr - Ar =0 


Subsequently, we will consider memberCD. 


(+Mp =0 C, (1.2)+ 5 9.81\ 0.7) - 735.7K1.6)= 0 
C, = 694.875N 
+T 2h, =0; Dy +50(9.81)-735.75=0 
Dy = 245.25 =245N 
52F, =@ D, ~694875=0 
D, = 694.875 N =695N 


Substituting C, = 694.875 N into Eq. (1) yields 
A, = 694.875N = 695N 
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6-102. The frame is used to support the 50-kg cylinder. 
Determine the force of the pin at C on member ABC and 
on member CD. 


Equations of Equilibriam: The horizontal and vertical components of force on members CD and 
ABD are denoted as C, , Cy, C;’, and Cy’, respectively. Writing the moment equation of equilibrium 
about point A, 


(2M, =0; C (1.6) — 5X 9.81((0.7) — 50(9.81X(1.7) = 0 
GC = 735.75N 


Using this and applying the moment equation of equilibrium about point Dof member CD, 


G2Mp = Cy (1.2) + 509.81 0.7)— 735.7K1.6)= 0 
C, = 694.875N 


Using the results of C, and C, and considering the free - body diagram of pulley C, 


694,875 — 5(9.81)—C,- = 0 
Cy = 204375 N 

735.75 — 5(981)—Cy: = 0 
Gy’ = 245.25 N 


Thus, the force at pin Con members CD and ABC are given by 


Kop = fe +C,? = 1694879 + 735.75? =1012.01N =1.01 kN 


Fasc ={c? +Cy? = 4204375? + 245.25" = 319.24 N =319N 


6 94.375 N 


50(9.81) N 
T3S,7SN 


(c) 
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6-103. Determine the reactions at the fixed support E and 
the smooth support A. The pin, attached to member BD, 
passes through a smooth slot at D. 


Member BD : 

(2m = 0: 600 0.3) - No (3) 0.6) = 0 
Np = SOON 

ER 20; Be - $500 =0 
B, = 400N 

+TER = 0; - 60 + B, ~ 3 (500) = 0 
B, = 900N 

Member ABC : 

Gam =o 900 (0.3) - 400 (0.4) - A, (0.6) = 0 
A, = 183.33 = 183N 0 Ame 

5EF, =0; -40+G =0 
G = 400N 

+TEF, = 0; 183.33-900+G =0 


G = 716.67N 
Member CDE : 
EF, = 0; - 400 + $00(3) + & =0 


&=0 Ans 


+TIR =0; ~ 116.67 + $00(3) + & =0 


E,=417N Ans 
Gime = 0; — Mg — $00 (0.5) + 400 (0.8) + 716.67 (0.6) = 0 


Mg = SOON-m Ans 
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*6-104. The compound arrangement of the pan scale is 
shown. If the mass on the pan is 4 kg, determine the 
horizontal and vertical components at pins A, B, and C and 

the distance x of the 25-g mass to keep the scale in balance. ———— 


| 350 mm | 


Free Body Diagram : The solution for this problem will be simplified if 
onc realizes that members DE and FG are two-force members. 


Equations of Equilibrium : From FBD (a), 
G m=, =0; — Fyg(375)—39.24(50) =0 


+TER=0; A, +5.232-39.24=0 
A, 234.0N A 
. 1 4090:)¢3924N 
7 ZF, =0; A, =0 (4) 
From (b), re 
Cx 
G+ EMc=0; — Fq(300)~5.232(75)=0 Fg = 1.308N 


+TIF=0; CG -1.308-5.232=0 300mm 
, G =6.54N Fg fe Foe 2 5232 N 
(>) 


“+ EF, =0; G =0 
fig 2 /308N 
From (c), P 

"K. 


Gm =0; — 1.308(100) -0.24525(825-x) =0 
x= 292 mm 


+TXR=0;  1.308-0.24525-B, =0 0.025(98!) 
B, = 1.06N o2gsagN 


SEE =0; B, =0 
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°6-105. Determine the horizontal and vertical components 
of reaction that the pins at A, B, and C exert on the frame. 


The cylinder has a mass of 80 kg. 


Equations of Equilibrium : From FBD (b), 


(+2M, =0; — 784.8(1.1)-G,(1) =0 
G, = 1334.16 N = 1.33 kN 


+TXE =0; B, +784.8-1334.16=0 
B, =549N 


rf =0; 6-8, =0 


From FBD (a), 


(+26, =0; GC, (0.5) +1334. 16(1) -784,8(1.7) -784.8(1.9) =D 
C, = 2982.24 N = 2.98 kN Ans 
+TEE =0; A, +1334.16-784.8-784.8 =0 (2) 


A, =235N 
8009-81) = 784.84 


5F =0; A, -2982.24=0 
_ A, = 2982.24. N = 2,98 kN 


Substitute C, = 2982.24 N into Eq.(1] yields, 


B, = 2982.24 N = 2.98 kN 
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6-106. The bucket of the backhoe and its contents have a 
weight of 1200 lb and a center of gravity at G. Determine 
the forces of the hydraulic cylinder AB and in links AC and 
AD in order to hold the load in the position shown. The 
bucket is pinned at E. 


Free Body Diagram : The solution for this problem will be simplified if 
one realizes that the hydraulic cydlinder AB, links AD and AC are twoe 
force members. 

Equations of Equilibrium : From FBD (a), 


(+2m,=0; —F,ccos 60°(1) + F,csin 60°(0.25) 
- 1200(1.5) =0 


Fic = 2512.19 Ib = 2.51 kip Ans 
Using method of joint [FBD (b)], 


+TZEE =0;  2512.19sin 60°-F,gcos 45° =0 
Fy = 3076.79 Ib = 3.08 kip Ans 


SIE =0; Fp —3076.79sin 45° -2512.19c0s 60° = 0 
Fp = 3431.72 lb = 3.43 kip Ans 


Fxe2 2512-19 ib 
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6-107. A man having a weight of 175 lb attempts to hold 
himself using one of the two methods shown. Determine the 
total force he must exert on bar AB in each case and 
the normal reaction he exerts on the platform at C. Neglect 
the weight of the platform. 


P7ZSib £7.S1b 


2(F/2) — 2(87.5) = 0 
E 
F = 175 1b Ans = 


eRSWb 
Nc — 175 — 2(87.5) = 0 


Nc = 350  — Ams 


2(43.75) — 2(F/2) = 0 


F = 87.5 b Ans 


Ne - 175 + 2(43.75) = 0 


Nc = 87.5 1b Ans 
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*6-108. A man having a weight of 175 lb attempts to hold 
himself using one of the two methods shown. Determine the 
total force he must exert on bar AB in each case and the 
normal reaction he exerts on the platform at C.The platform 
has a weight of 30 lb. 


102.Sib 


30M 
1754 


2%F/2) — 102.5 — 102.5 = 0 


F = 205 Ib Ans 


Ne - 175 - 102.5 - 1025 = 0 


Ne = 380 1b Ans 


2(F/2) - $1.25 - $1.25 = 0 


F = 1021b Ans 


No — 175 + 51.25 + 51.25 = 0 


Ne = 72.5 1b Ans 
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°6-109. If a clamping force of 300N is required at A, 
determine the amount of force F that must be applied to the 
handle of the toggle clamp. 


Equations of Equilibriam: First, we will consider the free- body diagram of the clamp 
in Fig. a. Writing the moment equation of equilibrium about point D, 


Cm =0 C, (60) -300(235) = 0 
Cy =1175N 


Subsequently, the free- body diagram of the handle in Fig. b will be considered. 


(Mc =0; Fp 00s30°(70)— Fpg sin30°(30)— Fos 30°(27500s 30° +70) 
=F sin30°(275sin 30°) = 0 
45.62F pr ~ 335.62F = 0 () 
+2, =0 1175+ Fsin30°— Fpg sin 30° = 0 
0.5F pg — 0.5F = 1175 


Solving Eqs. (1) and (2) yields 
F =369.69N =370N 
Fer = 2719.69N 
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6-110. Ifa force of F = 350 N is applied to the handle of 
the toggle clamp, determine the resulting clamping force at A. 


Equations of Equilibrium: First, we will consider the free- body diagram of the handle 
in Fig. a. 


(+2Mc = 0; Fp 00s30°(70)— Fag sin30°(30)— 3500s 30°( 275 cos 30° + 70) 
~350sin30°(275 sin30°) = 0 
Fog = 257481N 
C, — 2574.81sin 30° + 350sin 30° = 0 
C, =1112.41N 


Subsequently, the free- body diagram of the clamp in Fig. b will be considered. Using the 
result of C, and writing the moment equation of equilibrium about point D, 


(+2Mp =0 1112.41(60) — N4(235)= 0 
Na, = 284.01N = 284N 
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6-111. Two smooth tubes A and B, each having the same 
weight, W, are suspended from a common point O by means 
of equal-length cords. A third tube, C, is placed between A 
and B. Determine the greatest weight of C without 
upsetting equilibrium. 


Free Body Diagram : When the equilibrium is about to be upset, the 


reaction at B must be zero (Ng = 0). From the geometry, ¢ -ea'(F] 
7 


= 48.19° and @ = cos (<) = 75.52, 


Equations of Equilibrium : From FBD (a), 
EF =0;  Teos 75.52°-Necos 48.19° = 0 
+TIE =0;  Tsin75.52°-Nesin 48.19°-W =0 


Solving Eq.[1] and [2] yields, 


T=1.452W N-=0.5445W 
From FBD (b), 


Vie 
+TIE =0; 2(0.5445Wsin 48.19°) -W,. =0 
We =0.812W 
. = 6) 
. $-4g.9° 9=48-19° 


No70-5445 We Ne =0-5445 v/ 
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*6-112. The handle of the sector press is fixed to gear G, 
which in turn is in mesh with the sector gear C. Note that 
AB is pinned at its ends to gear C and the underside of the 
table EF, which is allowed to move vertically due to the 
smooth guides at F and F. If the gears only exert tangential 
forces between them, determine the compressive force 
developed on the cylinder $ when a vertical force of 40 N is 
applied to the handle of the press. 


-40 (0.5) + Fog (0.2) = 0 


Feo 3 100N 


100(1) = Fae (FS )o.s» as 


Fag = 297.62N 


297.62 (2) - =0 


Fy = 286N Ans 
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°6-113. Show that the weight W, of the counterweight at 
H required for equilibrium is W; = (b/a)W, and so it is 
independent of the placement of the load W on the 
platform. 


Equations of Equilibrium: First, we will consider member BE. 
(Mz =0; Wx)-Np(3+30)=0 
Wx 


Nz= 
3+ 2c 
4 


Wx 


+ TF, =0; Fer + 3 ~Ww=0 
(+3) 


x 


3b+ 3c 


Fer =W| 1- 


Using the result for Ng and applying the moment equation of equilibrium about point A, 


G2, =0; Fep(0)-7— (4-}-0 
3b+—c 
4 
Wx 


12b+3c 
Writing the moment equation of equilibrium about point G, 


Fop = 


Wx x 
Mg = 0; oe = m _ 
GG a | at 
4 
Ans. 


This result shows that the required weight W, of the counterweight is independent of the position x of the load 
on the platform. 


w 
\Zc | 3L+4 4C fer 
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6-114. The tractor shovel carries a 500-kg load of soil, 
having a center of mass at G. Compute the forces developed 
in the hydraulic cylinders J and BC due to this loading. 


50009-B1)N 


— 500(9.81) (0.4) + Fr [Foo Fen (Fo =0 


Fre = 5052.92 N 


/:1Mm 


Fu (2S) - sosz.92 (Fen 


- sosasn{ Fe aa) =0 


Fi, = 9059N = 9.06KN(T) Ans 


— 500(9.81) (1.1) + Fee (0.35) = 0 


Fac = 15415.7N = 15.4KN(C) Ans 
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6-115. Ifa force of P = 100N is applied to the handle of 
the toggle clamp, determine the horizontal clamping force 
N,, that the clamp exerts on the smooth wooden block at E. 


Equations of Equilibrium: First, we will consider the free- body diagram of the handle in 
Fig. a. 


(+2 5 = 0; Fcp sin30°( 60) — 100(160) = 0 
Fop = 533.33N 
+ =F, =0 100sin30° -B, = 0 
B,=50N 
+ T 35, =0; 533.33—100cos 30° - By = 0 
By = 446.73N 
Using the results of B, and B, obtained above and applying the moment equation of equilibrium 


about point A on the free- body diagram of the clamp in Fig. b, 


(+24 =0; 446.7% 50.cos 45°) — 50(50sin45°) — N ¢(75) = 0 
Ng = 187.02N =187N 
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*6-116. If the horizontal clamping force that the toggle 
clamp exerts on the smooth wooden block at E is 
N- = 200 N, determine the force P applied to the handle of 
the clamp. 


| : 
E 


Equations of Equilibrium: First, we will consider the free- body diagram of the handle in 
Fig. a. 


(Me = 0; Fep sin30°( 60) — P(160) = 0 
Fop = 5.333P 
P sin30°-B, =0 
B, =0.5P 
+ TF, =0; 5.333P — P cos30°— By = 0 
By = 4.4673P 
Using the results of B, and B, obtained above and applying the moment equation of equilibrium 
about point A on the free- body diagram of the clamp in Fig. b, 


(+2M A =90; 4.4673P(50.cos 45°) — 0.5P(50sin45°) — 200(75) = 0 
P =106.94N =107N 
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°6-117. The engine hoist is used to support the 200-kg 
engine. Determine the force acting in the hydraulic cylinder 


AB, the horizontal and vertical components of force at the 350 mm 
— 1250 mm — 
2 fs) 


‘\ 


pin C, and the reactions at the fixed support D. 


Free Body Diagram : The solution for this problem will be simplified if 
one realizes that member AB is a two force member. From the geometry, 


hg = 73502 + 850? — 2(350) (850) cos 80° = 861.21 mm 


sin @ sin 80° 


—_ = ——— = 76.41° 
50 seia1 «= 764 


Equations of Equilibrium : From FBD (a), 


(+ IM. =0; —1962(1.60) - F,gsin 76.41°(0.35) = 0 
F,y = 9227.60 N =9.23 kN 


C, -9227.60c0s 76.41° = 0 
G, = 2168.65 N = 2,17 kN 


+TEE =0; 9227.60 sin 76.41°- 1962-C, =0 
G, = 1007.14 N =7.01 kN 


From FBD (b), 
SEE =0; D,=0 


+TIR=0; D,-1962=0 Mg 
D, = 1962 N = 1.96 kN (160-/-40 Sinto')m 


(+m, =0: 1962( 1.60 1.40 sin 10°) ~ Mp =0 
Mp = 2662.22 N-m = 2.66 kN-m 
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6-118. Determine the force that the smooth roller C 
exerts on member AB. Also, what are the horizontal and 
vertical components of reaction at pin A? Neglect the 
weight of the frame and roller. 


_ (FEM, =0; -60 + D,(0.5) = 0 6044 ft 
D, = 12016 
S3R =0; A, = 120 Ans 
+TER =0; A,=0 Ans 
(+=M, =0; —N¢(4) + 120(0.5) = 0 


Ne = 15.0 lb Ans 


6-119. Determine the horizontal and vertical components 
of reaction which the pins exert on member ABC. 


Sxg =0; A, = 801b Ans 


+TIE =0; A, = 80 1b Ans 80% hy 


(+EM, =0; 80(15) — B,(9) = 0 
B, = 1333 = 1331b Ans 
(+2Mp =0; — 80(2.5) + 133.3(9) - B,(3) = 0 
B, = 333 1b Ans 
2R =0; 80 + 333-G =0 
C, = 413 b 
+TER =0; —80 + 1333-6, =0 


G = 53.3 
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*6-120. Determine the couple moment M that must be 
applied to member DC for equilibrium of the quick-return 
mechanism. Express the result in terms of the angles ¢ 
and 6, dimension L, and the applied vertical force P. The 
block at C is confined to slide within the slot of member AB. 


From FBD (a) 


Gem =0; nee 


su 


4Pcos6sin@ 
sing 


)-Pcaucosey =0 Nez 


From FBD (b) 


— 


GR =0;  M- [cos(@ - 6)}L =0 


4PLcos 6sin8 
M= ae Le -9)] 


 2PLsin26 
sing 


<a [con - 6)] 
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°6-121. Determine the couple moment M that must be 
applied to member DC for equilibrium of the quick-return 
mechanism. Express the result in terms of the angles 
and 6, dimension L, and the applied force P, which should 
be changed in the figure and instead directed horizontally 
to the right. The block at C is confined to slide within the 
slot of member AB. 


4P sin? 6 


Lsing a . 
a P(4Lsin@€)=0 Ne a 


4Psi 
sin 


=P fcouig-O)}L~0 


- 2 
wa tees orcas -)] 


sing 
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6-122. The kinetic sculpture requires that each of the 
three pinned beams be in perfect balance at all times during 
its slow motion. If each member has a uniform weight 
of 2 lb/ft and length of 3 ft, determine the necessary 
counterweights W,, W2, and W3 which must be added to the 
ends of each member to keep the system in balance for any 
position. Neglect the size of the counterweights. 


W, (1cos@) — 6(0.5cos@) = 0 
W, = 3b Ans 
R -3-6=0 


oSit 
ici ait 


W,(1c08$) - 6(0.5c089) - 9(2c089) = 0 Ay Re 


W, = 211b Ans 

R, - 21-6 -9=0 

Ry = 36 1b 

36(2cos) + 6(0.5cosp) — W,(1cos) = 0 


W,=75lb —— Ans 
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6-123. The four-member “A” frame is supported at A and 
E by smooth collars and at G by a pin. All the other joints 
are ball-and-sockets. If the pin at G will fail when the 
resultant force there is 800 N, determine the largest vertical 
force P that can be supported by the frame. Also, what are 
the x, y, z force components which member BD exerts on 
members EDC and ABC? The collars at A and E and the 
pin at G only exert force components on the frame. 


GF is a two - force member, so the 800 - N force acts along the axis of GF. Using.FBD (a), 


=M, = 0; — P(1.2)+ 800 sin 45° (0.6) = 0 
P=283N Ans. 


~Ay(0.3)+ Ey(0.3)= 0 
~Ay — Ey +800sin 45° =0 
Ay = Ey = 283N 
A-{ 0.6) + E, (0.6) — 28%(0.6) =0 
A{0.3)-E,(0.3)=0 
A; = E, = 118N 


~By —D, +800sin 45° =0 
D,(0.3)- By (0.3) =0 
By =Dy=283N Ans. 


~ B, — Dz, + 800 cos 45°= 0 
~ D_(0.3)+B,(0.3) =0 

B,=D,=283N Ans. 
-B,+D, =0 


Using.FBD (c), 
IM, =0; — By (0.6) + 280.15) — 28%0.3)= 0 
B, = Dy, =42.5N Ans. 
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*6-124. The structure is subjected to the loading shown. 
Member AD is supported by a cable AB and roller at C and 
fits through a smooth circular hole at D. Member ED is 
supported by a roller at D and a pole that fits in a smooth 
snug circular hole at E. Determine the x, y, z components of 
reaction at E and the tension in cable AB. 


4 
~3Fin(0.6) + 2.5(03) = 0 


Rp = 1563 = 156 KN Ans 


3 
4 
=(1.563) - 25+ D, = 0 | Dx 
+ hy Po 24 Pd 


D = 1254N /e Yf J 
y 


B=0 * 2325 ba 


B+G-3158)=0 


Mog + $(1.563(04) ~ 2:5(04) =0 
Mp, = 05 KN-m 
Moe + 3(1.568)(04§ - X04) = 0 
IE = 0; Dy = 125 kN 
IM, = 0; Mg,, = 0.5 KN-m 
=M, = 0; My = 0 
3 = 0; 5B =0 Ans 
EM, = 0; DOS) ~My =0 (3) 
Solving Eqs. (1), (2) and (3) : 
CG, = 0.938 KN 
My, = 0 
D=0 
E=0 
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°6-125. The three-member frame is connected at its ends 
using ball-and-socket joints. Determine the x, y, z components 
of reaction at B and the tension in member ED. The force 
acting at Dis F = {135i + 200j — 180k} lb. 


AC is a two-force member. 


F = {135i + 200j — 180k} Ib 
6 
~ 5 foe) + 180(3) = 0 
Fog = 270 Ib Ans 
6 
B, + 9 (270) — 180 =0 
B, =0 Ans 


ae 4 F0(9) +135(1) +200(3) 5 (27003) - 5(270)(1) =0 


Fad “Tar 


Fc = 16.41 Ib 


9 
135 - 3 270) + B, — (16.41) = 0 
9 97 


‘c 


B, = —301b Ans 


6 
B, — 4-(16.41) + 200 - 2(270) = 0 
97 9 


rc 


B, = -13.3 Ib Ans 
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6-126. The structure is subjected to the loadings shown. 
Member AB is supported by a ball-and-socket at A and 
smooth collar at B. Member CD is supported by a pin at C. 
Determine the x, y, z components of reaction at A and C. 


From FBD (a) 
=M, =0, Mg, =0 
-Mp,+800=0 My, =800N-m 
B, (3)— B, (2) =0 
A =0 
—-A, +B, =0 
—-A, +B, =0 


From FBD (b) 


=M, =0; B,(1.5)+800~250 cos 45°(5.5)=0  B, =114.85N 


From Eq. (1) 114.85(3)-—B,(2)=0  B, =172.27N 
From Eq.(2) A, =172N Ans 
From Eq.(3) A, =115N Ans 


C, +250 cos 60°-172.27=0 =47.3N Ans 
250 cos 45°-114.85-G =0 CG =61.9N Ans 
250 cos 60°-G =0 G=125N Ans 
Mcy - 172.27(1.5)+250 cos 60°(5.5)=0 
Mc, =-429N- m Ans 
=M, =0; Mc, =0 Ans 


Negative sign indicates that Mc, acts in the opposite sense to that shown 
on FBD. 


532 


6 Solutions 44918 1/26/09 1:48 PM Page 533 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-127. Determine the clamping force exerted on the 
smooth pipe at B if a force of 20 lb is applied to the handles 
of the pliers. The pliers are pinned together at A. 


Gum = 0; 2010) ~ 1.5 (f) = 0 


Fy = 133lb Ans 
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*6-128. Determine the forces which the pins at A and 
B exert on the two-member frame which supports the 
100-kg crate. 


AC and BC are two - force members. 


Pac: 


4th =0 Fac G) - he (%)- 50(9.81) = 0 


+TIR =0; Fic G) + fe(#)- 100(9.81) = 0 


Koo = LIS4N=1.15EKN Ans 


Fac = SON Ans 


00(4-8))N 


534 


6 Solutions 44918 1/26/09 1:48 PM Page 535 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


¢6-129. Determine the force in each member of the truss 
and state if the members are in tension or compression. 


Method of Joint : In this case, support reactions are not required for 
determining the member forces. By inspection, members DB and BE are 
zero force members. Hence 


Fon = Fox =0 Ans 
Joint C 


+ TEE =0; fa ]-#-0 
Fog = 17.89KN (C)=17.9KN(C) Ans 


SEE =0; 199(F]-4-Fa=0 


Fop = 8.00 KN (T) 
Joint D 


*,26 =0; 8.00-Fyg=0 Fg =8.00kKN(T) = Ans 


Joint B 


+ EF.=0; %,-17.89=0 
Fy, = 17.89 KN (C)=17.9kKN(C) Ans 


Joint A 


+TIR=0; Fee ira }=0 
Fug = 8.00 KN (T) feg1789 kn 


SIF =0; 4-9 7}-0 A, = 16.0 kN 


‘5 


Note : The support reactions E, and can be determined by analyzing 
Joint E using the results obtained above. 
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6-130. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force in 
each member and state if the members are in tension or 
compression. Take F; = {—500k} lb and F, = {400j} lb. 


IM, = 0; -G (3) - 4003) 20 


G = -400 ib 


D,= 0 


G20 


me =0; Fer = 0 


Fac 2 0 

400 ~ 4%, = 0 
5 

Fag = 500 lb (T) 
3 

Fag ~ (500) 20 


Fag = 300 Ib (C) 


30 ~ Fafic= 0 


Fac = 583.1 = 583 lb (T) 


3 (583.1) - 500 + 2p = 0 
vu 5 


Fap = 333 Ib (T) Ams 


4 4 
Fug - r heamada = 5 ae 20 


Fug = 667 tb (C) Ans 


Fog = 0 
Far ~ 3(500) = 0 a margenee 


4 
$83.1) - 400 = 
Fer = 300 lb (C) 7 see 


3_(583.1) - Feo = 0 
V36 


Fep = 300 ib (C) 


3 
For - (583.1) = 0 
oT 
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- e=500 Ib 


~ 


Fie= 583: Ib 
Sit 
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6-131. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force 
in each member and state if the members are in tension 
or compression. Take F, = {200i + 300j — 500k} Ib and 
F, = {400j} lb. 


IF, = 0; D, + 00=0 
D, = -200b 
= G,(3) ~ 400(3) - 2004) =0 
G = -666.7 lb 
IM, = 0; G(3) - 2003) = 0 
G = Mb Sa 
Joint F : ft, 
fit {200% +3005 -Sook} 44 
IF=0; For = 0 Ans 
Joint B : 


= 0; Fac = 0 Ans 
= 0; 400 - Shar = 0 
Fag = 500 b (T) 
3 
Fan ~ 5(500) = 0 


Fag = 300 bb (C) 


3 
300 + 200- a" 
4 


Fac = 971.8 = 972 (T) 


0971.8) - 500 + 3ho* 0 


i¥ 


yp 20 Ans 


4 
Fag + 00 - (971.8) = 0 
iene: 
Fyg = 367 lb (C) Ans 


3 
For - A = 
we cr ee 0 


Far ~ 3(300) =0 Fer = 300 ib (C) Aus 


4 
Fer = 300 lb (C) <1 falaaaaaaiaiii Chock! 


3 - = 
aon Fep = 0 rtd - 300= 0 


Fep = 500 ib (C) For = 424 b (T) 
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*6-132. Determine the horizontal and vertical components 
of reaction that the pins A and B exert on the two-member 
frame. Set F = 0. 


CB ia a two - force member, 
Member AC : 


GEM = 0; — -600(0.75) + 1.5 (Fee sin 75°) = 0 


Fea = 310.6 


B=Be sins{ 7] =220N Ane 


EF, =0; =A, + 600sin 60° - 310.6 cos 45° = 0 
4 = HON Ans 
+TZF, = 0; A, - 600cos 60° + 310.6 sin 45° = 0 


A =80.4N Ans 
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e6-133. Determine the horizontal and vertical components 
of reaction that pins A and B exert on the two-member 


frame. Set F = 500N. 


~ 600 (0.75) = G, (1.5 cos 60°) + G, (1.5 sin 60°) = 0 


-G(l) - G (1) + $00(1) = 0 


Member AC: 


SEF, =0; -A + 600sin6& - 4026 = 0 |5C0s C0°m 


A =117N Ans 
A 
d 


+TIR = 0; A, - 600003 60 - 97.450 
A =397N Ans 

Member CB : 

SEF, = 0; 4026-500+8, =0 
B,=9714N Ans 

+TIE, = 0; -B, +9420 


B,=914N Ans 
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6-134. The two-bar mechanism consists of a lever arm AB 
and smooth link CD, which has a fixed smooth collar at its 
end C and a roller at the other end D. Determine the force P 
needed to hold the lever in the position 0. The spring has a 
stiffness k and unstretched length 2L. The roller contacts 
either the top or bottom portion of the horizontal guide. 


L 
Free Body Diagram : The spring compresses x = 2L. - ———,. Then, 


P 1 
the spring force developed is F, = kx = kL(2-—s 
Equations of Equilibrium : From FBD (a), 

+ 1 : 
ER, =0; tL(2- 5) =Fepsin 0 =0 
F kL 1 ) 
io" sal sin 0 
(+ Mp = 0; Mc =0 


From FBD (b), 


kL, 1 
C+2M, =0; P(2L) - —=-(2~ 5 )(Lent 6) fr) 
ae. 
2tan Osin 6 


P (2-csc 6) Ans 


542 


6 Solutions 44918 1/26/09 1:48 PM Page 543 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-135. Determine the horizontal and vertical components 2 kip /ft 
of reaction at the pin supports A and E of the compound i 
beam assembly. 


Member BDE : 


(ems =0; 6(2)+ r( 


Member AC : 


+ ploe(glonsfslon 


T =3.440kip, R = 7.568 kip 


Member AC : 


Ste 2h AW rs0(7.] x sao (4 


A = 831kip Ans 


+TER =0; A -1368(7, 


vs 
A, = 0.308kip Ans 


Member BDE : 


2 


+ EF, = 0; vsia(4,) «2a0(-) ~ 5 =0 


E, = 83lkip Ans 


+TEE, = 0; rsea(4.) -su0[7.|-6 +5 =0 


E, =5.69kip Ans 
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*6-136. Determine the force in members AB, AD, and AC 
of the space truss and state if the members are in tension or 


compression. 


F = {—600k} Ib 


Method of Joints : In this case the support reactions are not required for 
determining the member forces. 


Joint A 


LF =0; faq t= 0 


F,p = 2473.86 Ib (T) = 2.47 kip (T) Ans 


fic=Fia (1) 


sh 


es olga) a) am 


0.9829F,¢ +0.9829F, 5 = 2400 (2] 


Solving Eqs.(1] and [2] yields 
Fuc = yg = 1220.91 bb (C) = 1.22 kip (C) 
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